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THE COLONY OF VICTORIA. 


THE colony of Victoria ocecupies the southeastern 
ortion of the Australian continent, and extends from 
he 34th to the 39th degree of latitude and from the 
01st to the 150th degree of longitude. Its superficial 
rea is 87,884 square miles, somewhat less than that of 

Great Britain ; its extreme length being 480 miles from 











east to west, and its breadth from north to south 2 
miles. It is bordered to the north and northeast by 
the colony of New South Wales, from which it is sepa- 
rated by the river Murray ; to the west it is bounded 
by the colony of South Australia; to the south and 
southeast, its shores are those of the Indian Ocean, 
Bass’s Strait, and the Pacific Ocean. 


Attempts had been made to colonize this portion of | 





MELBOURNE IN 1889—-VIEW LOOKING SOUTH. 


THE COLONY OF VICTORIA, 


the Australian continent so far back as 1803; ‘but the 
first permanent settlement in Victoria was formed at 
Portland Bay in 1834, when Mr. Edward Henty landed 
from the neighboring colony of Tasmania (Van Die- 
men’s Land, as it was then called), and soon began to 
till the soil, run and breed stock, and carry on whaling 
operations. 

Others followed, but the absence of good land in the 
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immediate vicinity of the port, and the nness of 
the bay, which rendered it unsafe for shi 
the prevalence of certain winds, caused it to be thou, 

an unsuitable site for the chief town. This was event- 
ually founded at the northern end of Port yen er 
by two parties—one led by John Batman, who landed 
on May 29, 1885, and the other by John Pascoe Fawk- 
uer, whose party arrived at the site of Melbourne on 
Aug. 28 of the same year. Both these parties were 
from Van Diemen’s Land ; and they were soon followed 
by others from the same island and from Sydney, who 
brought stock with them, and began to push their way 
into the interior. These were inet by Major (afterward 
Lieutenant-Colonel Sir) Thomas Mitchell, who, enter- 
ing from New South Wales on the north side, and trav- 
ersing a considerable portion of the as yet unknown 
territory, was so struck with its wondrous capabilities 
that he named it ‘‘ Australia Felix”—the aptness of 
which name a subsequent knowledge of the geniality 
of its climate, the excellence of its soil, and the then 
unexpected richness of its mineral treasures has fully 
justified. 

The reports of Sir Thomas Mitchell and the success of 
the first settlers caused great excitement, not only in 
the Australian settlements, but in the nother country. 
Herds of sheep and cattle, driven overland from New. 
South Wales, speedily occupied the best parts of the 
new territory. 

Every available vessel capable of floating was put 
into requisition to bring passengers and stock from 
Van Diemen’s Land; and after a time,ship loads of 
emigrants began to arrive from the United Kingdom 

ular government was first established under Cap- 
tain William Lonsdale, who, having been sent from 
Sydney to take charge of the district, landed on Sept. 
28. 1886; and on March 2 of the following year Sir 
Richard Bourke, the Governor of New South Wales, 
visited it, and named the metropolis Melbourne. Mr. 
Charles Joseph La Trobe arrived on Sept. 30, 1889, 
having been appointed to the principal official posi- 
tion in the settlement, with the title of superintend- 
ent, which was changed to that of lientenant-gover- 
nor when, on July 1, 1851, it was separated from New 
South Wales and erected into a separate colony, under 
the name of Victoria. 

The separation of Victoria from New South Wales was 
the result of strong and persistent agitation by Victoria. 
But it must be remembered that at that time communi- 
cation between Sydney, the capital of the parent colony, 
and Melbourne, by a coasting voyage, took at least 
three weeks, whereas now an a railway train rans 
each way daily, oceupying a little more than one night. 
The next few years were remarkable in the history of 
Victoria. Gold was discovered by a shepherd toward 
the end of 1848, but he kept his discovery secret for 
some time, and only revealed it two years later toa 
friend who nursed him through an illness. It was in 
1851 that the existence of gold became an established 
fact, and it was soon discovered in such quantities as 
to spread the fame of the Victorian gold fields through- 
out the civilized world, and a great and sudden influx 
of population was the immediate result. The largest 
nugget ever found was discovered by a ot y of dig- 
gers at Dunotly, and named by them ‘‘ The Welcome 
Stranger.” It weiched 2,280 oz., and represented a 
value of nearly £10,000. During the height of the gold 
fever large fortunes were made. and in many instances 
recklessly squandered, and men who flocked to Vic- 
toria from all parts of the world underwent strange 
vicissitudes of riches and poverty, and all more or less 
hardship, at the “gold diggings.” After a time, sowe 
discontent arose among the diggers, in consequence of 
the oppressive character of the mining regulations, 
which culminated in riots, which occurred on the Bal- 
larat gold fields toward the end of 1854. The disturb- 
ance was soon quelled, with some bloodshed on both 
sides, and the grievances complained of were afterward 
redressed. 

A new constitution, giving responsible government 
to the colony, was proclaimed, on Nov. 23, 1855, and 
sinee then, - lies » —— struggles have been fre- 
quent and party feeling has at times run high, these 
circumstances have had no permanent effect in setting 
class against class, or in any way lessening the good 
feeling which exists between all sections of the com- 
munity. At timeseommerce has been depressed, but 
this has soon revived; and the material prosperity 
that the colony has enjoyed. upon the whole, is per- 
haps without a parallelin the history of any country. 

E tow facts, taken principally from the Victorian 
Handbook, which has been specially prepared for the 
Victoria Commission of the Paris Exhibition now in 
progress, may be of interest to our readers. 

Climate.—"It is the finest climate in the world.” 
Such is the verdict of all colonists who have resided 
in Victoria. The season termed winter is simply the 

in which there is more rain and less warmth 
insummer. Few residents of the low-lying por- 
tions of Victoria have seen snow fall ; but in the higher 
altitudes it is plentifal in the winter. On the moun- 
tain ranges there is occasionally a thin covering of 
snow, which may whiten the ground for a few hours. 
The native trees are always green, and do not shed 
their foliage during the winter. On the other hand, 
the European trees planted in the colony undergo the 
usual transformation. 

Cattle and sheep remain in the open air the whole 
winter through, and fatten on the winter pasture 
without extra fodder. Farmers in Earope and America, 
who know what the expense and trouble is of organiz- 
ing winter quarters for their stock, can understand the 
advantages Victoria possesses in this respect. The 
mean temperature of Melbourne is 57°3 deg., and is 
about equal to that of Washington or Marseilles; while 
the average rainfall is 25°75 in., approximating with 
that of the Isle of Wight. 

Soil and Agriculture.—The soil of Victoria ie of 
volcanic origin, very friable, and of a brownish color 
verging into chocolate. It is so rich as to be adapted 
to all kinds of vegetation without requiring fertilizing 
accessories for periods of many years. The average 
yield per acre, extending over a period of seventeen 
years, for the principal crops is—for wheat, 12 bushels ; 
oats, 16 bushels ; by iy 4 20 bushels ; potatoes, 34¢ tons ; 
hay, 14 tons. In the last twelvemonth, the extent of 
land returned as under cultivation amounted to 2,576, - 
405 acres, as against 2,417,582 acres in 1886-67: the in- 
crease shown by the figures was, therefore, 158,823 acres. 
The average area in cultivation to each person in the 
colony was about 24¢ acres in the year under review, 
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ne viously. ial laws afford 
facilities o eneeree lens Os eee any person 
— et m4 ranged at the rate of 1 
ment ar of 1s. per acre per 
year until 0s. per acre are paid, with the option of 
either paying the balance of 20s. after the seventh 
ear, or wing payments to extend over the entire 
wenty years, the former meanwhile enjoying poeses- 
sion. An agricultural college has also been established 
in which pupils may train for agricultural pursuits. 
Fruits w in abundanee, and experience has proved 
that all the different kinds grown in England and Cen- 
tral Europe succeed equally well with those prodaced 
on their native soil. Al 
found their way into the London market ; and it is only 
a question of ascertaining an absolutely safe means of 
transport to assure a great future for this branch of 
industry, as the reversing of the seasons insures the 
arrival of the early kinds in London when the English 
market is practically bare. 

The vine-growing industry claims separate mention. 
That a great future in this line is in store for Vittoria 
has long been apparent to those who have watched 
the commercial progress of Australian wines in so : 
and, sinee the Colonial Exhibition in London, the im- 
ports into England have increased by leaps and 
bounds ; while the Paris International hibition is 
destined to add to the reputation these wines have 
already attained. With a climate and soil admirably 
adapted to the vine in every respect, it is simply a 
matter of time and patience to bring the conditions of 
soil and the manufacture and treatment of the wines 
into touch with the requirements of the home markets. 
The art of wine making has not yet had the time to at- 
tain the same degree of perfection asin France. There 
exists in the colony no center of viticultural industry, 
as yet, even in miniature, resembling that of Bordeaux. 
Bat theres the certainty of a great fo e to be 
gained by’establishing in Victoria large cel to store 
wines pu from the small growers, which would 
be stored until the proper degree of inatarity has been 
reached for racking and bottling. There is also a 
want of French experts to instruct the Australians in 
the art of manufacturing champagne, as well as the 
ordinary white and red wines. 

As is well known, wool and gold are the two staple 
products in which this colony holds the highest posi- 
tion. The value of wool exported in 1887 was over five 
millions sterling,and the quality is indisputably the 
finest in the world. The production of gold, which 
had steadily fallen off since 1858, is now about station- 
ary, but the opinion still holds that there are la 
quantities of gold yet undiscovered in the colony. te 
manufactured goods great progress has been made in 
the last few years, and, in spite of the large importa- 
tions from Europe, there are few objects either for 
necessity or luxury that the colony is not in a position 
to supply locally. 

With regari to work and wages, Victoria, like the 
rest of Australia, is the ‘‘workingman’s paradise.” 
Domestic servants’ wages are especially high. Labor- 
ers, inechanics, and artisans all enjoy a far higher rate 
of wages than in Europe, while the necessities of life, 
meat, vegetables, b , ete, are less dear than in 
Europe. But the workman and his family eat meat 
three times a day, and bay new clothes at least once 
in six months. The labor organization represented by 
trade unions is in a more advanced condition than per- 
haps in any European country. Every year, in the 


month of April, there is held a workmen’s fete, called | £9. 


‘Eight Hours Day "—i. e., the anniversary of the cus- 
tom, now almost universal, of the eight hours system— 
this being now the settled period of a day’s labor; and 
it has been permanently established without any law 
other than that of custom. There is a grand proces- 
sion through the city and suburbs, headed by banners 
and music; it is looked upon as a more important 
demonstration than the lord mayor's show in Lon- 
don, being frequently viewed by the governor and his 
ministers. 

The railway lines and telegraph system in Victoria 
are the property of the government, and have been 
constructed with capital cog borrowed in the Lon- 
don market for the purpose. he public debt of the 
colony has been contracted principally for railways. 
A large numberof new lines have been recently con- 
structed, and the total amount now open is consider- 
ably over 2,000 miles, while lines are being ynade at the 
rate of 300 miles perannum. The loans contracted 
by Victoria can searcely be looked upon as an ordinary 
debt, inasmuch as it is well known that the railwa 
could at once be sold for more than the amount of the 
total debt of the colony. The revenue from the rail- 
way is more than sufficient to pay the interest on the 
national debt of the colony. 

The metropolis, the city of Melbourne, is one of the 
most beautiful capitals of the world; it is also the 
mnost important and populous city of the southern 
hemisphere. Including the suburbs lying within a 
ten mile radius of the town hall, it contains 450,000 
inhabitants. It is laid ont in the American fashion, 
with streets at right angles, very wide and well paved 
and lighted. A large number of trees are planted in 
the principal th hfares, adding greatly to the ap- 
peacamse of the city. The buildings are not only fine, 

ut many of them possess great merit from an archi- 
tectural point of view. The cathedrals (each religion 
with its own), the houses of parliament, treasury, 
town hall, post office, law courts, custom house, univer- 
sity, publie lib , Clubs, theaters, and many other 
buildings vie with similar public edifices in the Old 
World. The various banking institutions are in build- 
ings which would adorn a European capital. The 
river Yarra, originally little better than a large ditch, 
has been widened and deepened so that even now oy 
pee drawing 20 feet of water are brought up tot 

low shores. This process is still going on, and the 
depth is to be 26 feet. The shops and warehouses 
would compare favorably with those of the great cities 
of Eu . The city is furnished with a cable tram- 
way ite. which is ized as the best existing. 
The tramways run through the princi streets to all 
the suburbs, and have a total length of about fifty 

es. 

Everything which renders life easy and agreeable 
may be found in Melbourne. The prosperity of the 
city is shown not only by the surburban mansions of 
the rich, but also 
and cottages 


, Australian apples have | The 





the thousands of charming villas| second is on the 
ing many miles out from the town, chalet is built in 


aud fying an air of well-being and contentment it 
would be difficult to find elsewhere. The humblest 
cottage has its water supply. including a bath. The 
large reservoir known as the Yan Yean, situated about 
twenty miles from Melbourne, furnishes the total sup- 
ply for the city and suburbs, a the sum- 
wer months a daily consumption of 29,000,000 gallons. 

There are many fine pu parks and inclosures in 
and around Melbourne. In no town in the world has 
the workingman more enjoyments and privileges. 
There is no state religion, all creeds being equal in the 
eyes of the law. Churches are sustained ey by 
omg <3 contributions. The state provides educa- 
tion, which is’ free of cost, secular and compulsory. 
parents-of those children who do not attend the 
state schools are obliged to furnish a proof that their 
education is carried on privately. ‘or the higher 
grades of education, there is the Melbourne Univer- 
sity, to which many persons who set foot on Victorian 
soil without a penny are now in a condition to send 
their children. There is also a Workingmen’s College, 
founded by the late Hon. Francis Ormond, a commis- 
sioner for the Paris Exhibition, which has already 
2,000 papils. Women are admitted, on equal terms 
with wen, to an institution which, if not to be com- 
pared with the great conservatories of the Continent, 

roves at least that the value of technical instruction 
8 recognized in Victoria. The public library, picture 
gallery, museum, botanical and zoological gardens 
offer combined recreation and instruction to the me- 
chanic as to the clerk and shopman. A large number 
of scientific and literary societies exist in the city, be- 
sides wutual aid societies, musical societies, orphan- 
ages, benevolent institutions, mostly on the scale of 
those in great European centers. In the matter of 
amusements, Melbourne fine theaters—of 


possesses 
which the Princess Theater would be worthy of London. 


or of Paris—and numerous concert halls. But it is prin- 
cipally in the open air that the Vigtorian takes his 
enjoyment. Australian cricketers are too well known 
to require any comment, but football matches are next 
in favor, sometimes attracting 20,000 spectators. Horse 
racing is very popular, and the gathering on the cup 
day at Flemington may be compared to the Derby or 
Longchamp as a brilliant assemblage, without that 
ore ness which, to the sensitive mind, is often a draw- 
back to the enjoyment of the course at Epsom. 

But Melbourne is not theonly large town in Victoria, 
although by far the most important. Ballarat, the 
City of Gold, is situated about eighty miles in the inte- 
rior, and is in many respectsa fine city, the streets 
being modeled to some extent on those of Continental 
towns. Sandhurst ranks next to Ballarat in import- 
ance. There is also Geelong, on Port Phillip y, 
once the rival of Melbourne. At both Sandhurst and 
Ballarat are schools of mines, to which are attached 
museums containing technical and geological speci- 
inens, nodels of mining machinery, and geological 
plans. Geelong is in the center of a pastoral district, 
and is also noted for its manufacture of tweeds. 

Progress of the Colony.—It is hardly fifty-three years 

since the first European settled in Victoria. Now it 
contains over 1,100,000 inhabitants. The colony hasa 
network of railways in every direction, and is dotted 
over wit poses towns. The imports are valued 
at over ,000,000, the exports at £14,000,000. Last 
year the gold production was 625,000 oz., value £1,270,- 
000 ; the value of sheep and cattle raised was £9,000,000; 
and the agricultural produce, £7,500,000. The revenue 
of the colony for the present year is estimated at about 
There are in every direction state schools, churches, 
newspapers—of the latter, five appear daily in Mel- 
bourne. There is an observatory, of which Victoria is 
joey proud, and the naval and military forces are 
arge in proportion tothe population. Volunteering 
is popular throughout the colony, and the number of 
men between the ages of twenty and forty is over 
100,000. Victorians are proud of their colony, but they 
are also proud to have British blood in their veins. 
More than 95 per cent. of the population is British or 
of British origin, and England is always spoken of as 
**home,” even by the youth of the colony, who learn 
the expression from their parents. 

There is a fine field in this colony for men of energy 
and enterprise, for an immense part of the conntry 
still remains to be opened. The tendeney in Victo- 
ria, as elsewhere, is to centralize in the towns, and the 
urban population represents a proportion of more than 
one-half the entire colony. Probably too many give 
their attention to the manufacturing industry, and 
young women prefer the shop and factory to domestic 
service, although the latter is more lucrative and less 
laborious. The most desirable immigrants are, on the 
one hand, domestic servants, on the other hand, farm- 
ers, vVignerons, and, in fact, all those who turn their 
attention to the cultivation of the soil. 

In reviewing the colossal advance made by the col- 
ony in its short existence of fifty years, one is inclined 
to ponder on the ible future to so brilliant a begin- 
ning. To show the advantage that such a colony is to 
the mother country, the Ree 6 ae cage oy resident 
there made purchases during 1888 from outside sources 
to the extent of £24 per head of the entire population, 
probably the largest purchasing power of any commu- 
nity of the known world. 

ictoria has often raised her voice in favor of the 
federation of Australia. It is a pity that a more rep- 
resentative show of the united colonies was not made 
at the present World Show in Paris. It has fallen 
principally, almost entirely, to Victoria to represent 
the Australasian group, when it should have been a 
matter of federal action. But time slip by, and 
it was too late to take concerted action. he govern- 
ment of Victoria appointed a royal commission, with 
the Hon. W. F. Welker, the then comwmissioner of 
trade and customs, as president, and Mr. E. A. Huybers 
as secretary, in Paris, together with a representative 
body of commissioners. Exhibits were confined prin- 
cipally to the natural products of the colony, such as 
wine, wool, gold, specimens, etc., and though the show 
can hardly be said to fairly represent what the colony 
is capable of producing, the ef yma has — 
great success, and the nature of the awards has p 
that in thestaple prodacts of wine and wool the colony 
can hold her own against the world. J 

There are three se te courts. One is situated in 
the main building, ¢ to the British commission ; 4 
uai d’Orsay, while a separate wine 

Trocadero Gardens, close to the 
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western wing of the palace. On the Quai d'Orsay, the | 
representation of Victorian natural scenery has proved 
a great attraction, and the Australian ferns have flour- 
ished splendidly. A special feature is the native en- 
campwent showing the mia-mia, or native hut, as con- 
structed by the natives. 

Although the official list of awards has not yet been 
published, it is understood that the Victorian wines 
have won u grand prize (the highest honor obtainable), 
also nine gold and twenty-eight silver medals—an 
average which places Victoria in a first position as a 
wine-producing country. The wool, leather, and tim- 
ber exhibits have secured high honors, and a yrand 
prize has also been awarded to the commission for the 








in vivid narrations of actual experience or in open 


discussions of present or future policy. I suppose the 
—— of my hearers have read Rider rd‘s 
** King Solomon's Mines,” and will recall Allen Quater- 
main’s clear and simple story of the journey to Kukua- 


naland. You may recollect that in the introduction, 
Quatermain. recounting the many things upon which 
he might have dilated, mentions the ‘‘ most interest- 
ing subject of the magnificent system of military or- 
ganization in force in that country.” Ignosi was, you 
remember, placed, by the aid of Quatermain and his 
friends, upon the throne, which his bloodthirsty Uncle 
Twala had ——_ After his thirty years’ wander- 
ings among civilized natious, with his quickness of 
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THE ARMY OF KUKUANALAND.* 


By Orno ERNEST MICHAELIS, Ph.D., United States 
Army. 


_ | HAVE had many misgivings whether or not the sub- 
ject of to-night would yield material worth your hear- 
hel That it will not prove unmitigatedly stupid, I 
thee ine upon the apparently aniform interest 

at all good citizens take in military matters, either 








* A lect a od clin i 
+~- nre ~ ey before the Franklin Institute, March 11, 1887.— 

















WEST, MELBOURNE. 


perception, his retentive memory, and his facile adapt- 
ability, you may be sure he did nothing to lessen the 
military ardor and prestige of his people ; on the con- 
trary, he taught them all that he believed admirable, 
the matured results of long experience, observation, 
and reflection. Upon these results, relating both to 
technical military details and to the broad questions 
of the relations between the people and the army, I 
propose to dwell this evening. Kukuanaland has no 
seaboard, and, consequently, Ignosi’s genius avails us 


little in assisting to a solution of what is to us the|p 


ane oy of the hour—but it had neighbors to be 
eared. 
You remember that Infadoos told 


uatermain, soon 
after his entranee inte the land, ‘' Twala, the 





king, calls up his regiments, their plumes cover the 
plains as far as the eye of man can reach.” “ And if 
the land is walled in with mountains, who is there for 
the regiments to fight with?” ‘‘ Nay, my lord, the 
country is open there,” and again he pointed toward 
the north; ‘‘ and now and again warriors sweep down 
upon us in clouds from a land we know not, and we 
slay them.” 

At the battle of Loo, Quatermain had a good op- 
portunity of Eee the conduct of the soldiers, of 
whom he says, and this will give you some idea of the 
character of the material upon which Ignosi worked, 
** Never before had 1 seen such an absolute devotion 








to the idea of duty, and such a complete indifference 
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to its bitter fruits.” 
doomed to die.” 

Indeed, in that day, before Ignosi reigned, Quater- 
main tells us that, ‘‘In Kukuanaland, as among the 
Germans, every able-bodied man is a soldier, so that 
the whole force of the nation is available for its wars, 
offensive and defensive.” 

It is not necessary to give in detail the conversations 
earried on with the Kukuanian officials. It will suffice 
to report the conclusions in our own language, and [ 
to present to this evening’s audience only the 
more salient features of their military system, such as 
strike me as possessing general interest. 

Considering its extent and population, the standing 
army of Kukwuanaland is very «mall; but as its 


In this instance they were “‘ fore- 
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strength was fixed by the experienced Ignosi, we must 
assume that it was large enough for the needs of the 
country 

Kukuanaland is a land of workers—one person in 
every three of the whole population has a spevial trade 
or occupation ; one in every seven is a farmer or stock 
raiser ; one in every 800 a lawyer; one in every 770, a 
clergyman; one in every 600, a doctor; one in about 
every 200 is a teacher; and one in every 2,000, a 
soldier. 

“ Soldiering” is, consequently, in Kukuanaland, a 
select profession. The term of enlistment is short, 
three years, the pay is excellent, increasing with 
length of service ; the chances of promotion fair. In 
case of death in service, a liberal pension is provided 
for dependent survivors. After eighteen years the 
soldier may retire on half pay after twenty-four 

ears, on three-quarter pay ; and after thirty years, or 
in case of disability, on full pay. 

After one enlistment, honorably terminated, the sol- 
dier has the first right to present himself for examina- 
tion as a candidate for any vacancy occurring iu the 
civil service of the government, for which he has pre- 
sumable qualification. Soldiers are prohibited from 
marrying, a wise provision, as will be seen, consistent 
with Ignosi’s prominent motive, the maintenance of a 
natural military spirit among the people ; an economi- 
cal one, as it tends to keep the retired list small; for 
the natural desire of man for family relations induces 
many young soldiers to decline re-enlisting after having 
served one or more terms. One hundred officers are ap- 
pointed every year, who must all be taken from the 
army, in compliance with rules and regulations which 
will presently be mentioned. The age of original en- 
listment is between seventeen and a years, 
excepting for graduates of special schools, who may 
be twenty-five ; all soldiers between these ages are eli- 
gible for detail as cadets at the government military 
college, and the selection is entirely dependent upon 


their own aptitude and application, as determined by 
annual examination. ‘ 
As a@ result, every vacancy in the army is eagerly 


sought for; the candidates for enlistment being so 
numerous that the government has been compelled to 
establish the most rigorous limiting rules. 

The privilege of filling a certain number of annual 
vacancies has been granted to the advanced schools 
and colleges in the various provinces of the country, 
whence candidates are accepted on competitive exam- 
ination. Many bright, ambitious young men enlist, 
not only to gratify inborn military instincts, not only 
with the hope of promotion, but also to qualify them- 
selves as candidates for civil positions. I=gnosi’s wise 
policy has already borne fruit, for experience has shown 
that the young man who has the ability, both mental 
and physical, to serve with credit at least three years 
in the army, as a rule is a successful aspirant for the 
civil appointment. 

As about one man in every h&ndred in Kukuana- 
land is a government employe, it is readily seen that 
gradually a large, available, well trained military re- 
serve is forming without the slightest additional ex- 
pense, for ail officials must serve in the local reserve, of 
the formation of which I will say a word in passing. 

The country is divided into departments, whose extent 
is mainly determined by geographical considerations. 
Zach of these departments has its own organized re- 
serve, in which service for three years is compulsory 
upon all men over twenty-one years of age, not other- 
wise exempted, and with which, as already stated, all 
government civil officiuls must, in time of peace, serve. 
The reserve is armed, equipped, clothed, and, while in 
practice encampment, fed and paid by the state. 
Arwy officers, line and staff, are detailed, in the various 
departments, to higher reserve positions, to insure uni- 
formity of drill and methods. 

The army is apparently numerously officered, about 
one officer for every ten men, but when the nature and 
scope of their duties are considered, the number is not 
too large. 

There is only one way in Kukuanaland to a commis- 
sion—by enlistment. Asa rule, the line appointments 
are made from those soldiers who have successfully 
passed through the course at the government military 
college, but not unfrequently some bright non-com- 
missioned officer will compete successfully for an ap- 
pointment with the graduates of the school. 

The general staff of his army has been a subject of 
much thought and study with Ignosi. It appears 
rather large for the mere wants of the standing army, 
but the king constituted it to meet the requirements 
of the nation even in case of a great war. Having 
made wise provision for the constant existence of a 
strong and available military element among his 
people, he yet felt that the special and technical duties 
so Vitally important for the successful prosecution of 
war could satisfactorily be performed only by men 
professionally competent. Hence the personnel of his 

d staff was large enough to furnish representatives, 
in case of war, to all the principal subdivisions of the 
army, and for the charge of al its main supply and 
manufacturing depots. While thus able to deal 
with the affairs of an active army of one million of 
men, its functions, in time of peace, were so direct! 
connected with their welfare that the people were well 
content both with the number and rank of the general 
staff officers. 

As with all other branches of the service, these offi- 
cers are appointed from the ranksafter competitive ex- 
aminations. 

To obtain officers for the scientific and technical 
staff corps, Ignosi has availed himself of the studious 
and industrial characteristics of his people. Scientific 
and technological schools are found everywhere in his 
dominions, and their graduates or advanced students, 
after enlistment and special military training at the 
government military college, are examined competi- 
tively for positions in the branches of the staff. When 
vacancies occur, examining boards are appointed in 
every wilitary department of the conntry, and those 
who pass these boards are ordered to Loo, the capital, 
where a final examination determines the successful 
candidate. 

The elite corps in the Kukuanian arwy is the inspec- 
tor-general’s. An assistant inspector is appointed 
yearly from the captains of the army. The candidates, 


selected by the primary boards, are finally examined at 
Loo by a board consisting of the commanding general 
of the army and the chiefs of the grand staff. Asa 


result, 


all the captains are ever studying to reach this 









goal, and the inspectors are consequently the brightest 
men in the army. 

A peculiarity that characterizes the administration 
of military justice in Kukuanaland is worthy of men- 
tion. 

There are no courts-martial, such as are familiar to 
us, except for cowardice, desertion, and other capital 
offenses committed in the presence of the enemy, and 
for spies caught red-handed. Judges properly assigned 
preside at all military trials, and officers constitute 
the jury, which renders a verdict, following the civil 
law, by a majority vote. The statutes fix the punish- 
nent. 

Officers may retire after twenty years’ total service, 
on half pay ; after thirty years, on three quarter pay ; 
after forty years, ferry may, and after forty-five years 
or in case of disability they must, retire on full pay. 
As in the case of enlisted men, liberal pensions are 
given to dependent survivors. Officers are not per- 
mitted to marry before they have been ten years in 
the service. Here again Ignosi has shown his far- 
reaching wisdom. For most active, exposed service, 
he has always at command a large body of eager, 
enthusiastic young men, untrammeled by immediate 
family ties. The retired list is kept within limits by 
the numerous resignations of those desiring *‘ to take 
unto themselves wives,” and who, as a rule, at, once 
become applicants for civil appointments, and thus, in 
most instances, become important factors in the poten- 
tial government reserve. 

Of course my limits this evening are too narrow to 
permit my entering into a full and detailed account of 
the manner in which the Kukuanian army is armed, 
equipped, clothed, and fed. This must be reserved for 
some future occasion. Still, I believe that a recital 
of some of the deviations from accustomed ways, well 
known to you all, together with a brief reswme of 
Ignosi’s reasons, be they good or bad, for such devia- 
tions, May not prove too great a strain upon your 

atience and good nature. In his wanderings Ignosi 

ad become fully convinced of the truth of tne nine- 
teenth century canon of taste, that the useful must 
be the beautiful, that the fit, in its simplest form, is 
most pleasing, and he felt that the sooner the military 
taste of his countrymen was educated to appreciate 
the justice of this standard, the sooner they would 
become imbued with a more exact military spirit, re- 
flexively producing an abler military service. He ha 
seen in older countries famous horse guard sentinels 
and their congeners still entrancing the eyes of servant 
maids and footmep, he had seen the bright colors and 
glittering trappings of holiday soldiers evoke the plau- 
dits, yet want the respect, of crowded streets, and he 
had seen thousands of earnest men fighting for a 
principle, as freemen should, without crimson and 
gold. It was his ambition then to make the Kukuan- 
ian soldier a respected working member of a busy com- 
munity, a man who need not blush because his tools, 
his clothes, his life, were the useful concomitants, the 
proper exponent, of his profession. 

As Ignosi had no desire to make the military a class 
apart, but, on the contrary, to have it considered an 
essential and appreciated portion of the body politic, 


}sonal wants of soldiers, in countries where they were 
patriotic citizens, endowed with all their rights, duties, 
and feelings, than with the enforced methods of those 
other countries who maintain great armies for dynastic 
reasons, where soldiers were considered merely as 
“food for powder.” Ignosi had become convinced 
that the ideal soldier would work hard, march long, 
| fight well, starve, thirst, and go naked, but would not 
embarrass himself with what he considers unneces- 
sary burdens. He acknowledged that the soldier citi- 
zen would not be a pack mule. 

In this respect the soldier's feeling is simply an 
unconscious evolution of the Zeitgeist. Steam, elec- 
tricity, air, the locomotive, the telegraph and tele- 
phone, and the balloon are mighty activities, not 
changing, but widely extending the underlying princi- 

le of all warfare. battle is an amplified prize fight. 

hen our modern gladiator stands in the arena, his 
antagonist establishes himself just beyond arm’s 
length. This idea determines battle formations. The 
opponents array themselves just beyond the natural 
range of their weapons. Hence, since the first battle 
between Hercules and Antzus, the formation distance 
between combatants has increased directly with the 
reach of their arms. A line of battle may be likened 
toa Briareus. His many arms cover all the ground in 
front, and to the right and left of him, and hence fol- 
lows not only space between, but also extension of the 
lines. So to-day, electricity and aeronautics afford 
the master mind, the commander-in-chief, a practical 
coup d’eil almost illimitable in extent as compared 
with the terrain of former days. Steam gives him the 
ability to place men and material rapidly where they 
are most needed. Ignosi recognized this modern con- 
dition of warfare, instinctively felt and acted upon by 
patriotic soldiers, and arrived at the inevitable conclu- 
sion that, all else being granted, mobility, power to 
accomplish long, arduous, rapid marching, was the 
great desideratum in the wars of the future. Cam- 
paigns would be short and decisive, each having a dis- 
tinct objective, and supplies in bulk for repair and 
recuperation, for renewal or continuance of operations, 
would have to be massed at suitable points, near in 
time, independently of the operating column. Hence 
his soldiers carried only their arms and ammunition, a 
haversack with a capacity of four days’ rations, a tin 
cup able to stand the fire, a combined tin plate and 
frying pan, forming a meat can (a Yankee notion), a 
fork, knife and spoon, a canteen for water, and a hunt- 
ing knife. 

A soldier thus “outfitted” is before you on the 
screen. The hunting knife, of a special design, origi- 
nating with Lieutenant Rodman of the United States 
army, is worth dwelling upon for a moment. The 
shaft is built up of leather washers on the tang, and 
the blade has the cross section shown, heavier toward 
the back, so that it may be handily used for hacking. 
In combination with the blade it can be utilized in 
emergency in throwing up effective temporary in- 
trenchments. Carrying burdens is always a disagree- 
able necessity, and hence everything should be done 
to make it least irksome. You see here that the chest 
is Jeft almost unrestricted, and a zine shoulder pad has 
been attached to the Rapeoncels and canteen straps to 
possible discomfort resulting from their 
nosi deemed the fairly accurate judg- 





overcome an 
stringing. 





|be has been more impressed with the self-voiced per- | 


ment of distances as the most important element in 
military firing. It is a quality that few men can ac- 
quire intuitively. He accordingly supplied every indi- 
vidual in his army, officers and soldiers, with teleme- 
ters, instruments for determining the distance of an 
—— No complicated mathematical apparatus is 
= cable; the instrument must be simple in manipu- 
ation, and give instantaneous correct results. He has 
adopted this simple little device, the invention of 
Colonel P. Le Boulenge, a distinguished Belgian offi- 
cer, which gives the distance by noting the time elaps- 
ing between the flash and the report of the enemy's 
fire, and automatically translates this time into yards, 
as the air velocity of sound is known. It makes allow- 
ance for changes in this velocity with varying tempe- 
rature, and includes a correction for an average per- 
sonal equation. The officers — this little instrument 
in their pockets, and the wen in the butts of their guns. 
Tt is here on the screen, where you can also see depicted 
the method of using the musket telemeter. One addi- 
tional important use is worth mentioning. By observ- 
ing the explosion of a shell, its range is determined. 
The error of the instrument is within the dangerous 
space of modern weapons. Ignosi has abandoned the 
bayonet in hisarmy. Still, as a ramrod is a necessity 
with an arm using metallic ammunition, on account 
of an occasional failure to extract, he has availed him- 
self of this necessary appendage, and has made it 
available asa pike. 1 take pleasure in stating that 
this ingenious device is due to an American officer, 
Colonel Buffington. Its method of operation is shown 
on the screen. 

For carrying small-arm ammunition for single load- 
ers, Ignosi has adopted the Mills cartridge belt, before 
you. The cartridges are easily taken out of the loops, 
as you see. The greater portion of the Kukuanian 
army is supplied with a rapid-firing single loader; a 
most excellent weapon, but for two reasons Ignosi has 
determined gradually to adopt a repeating gun, one 
that shall be as good as the best single loader, and yet 
when occasion demands be an efficient magazine arm. 
These reasons are, first, in an engagement, a crisis may 
come when it is of vital importance to deliver a rapid 
continuous fire, a veritable feu d’enfer, without tak- 
ing the piece from the shoulder, and, secondly, because 
in winter campaigns the cold may so benumb the 
fingers that the handling of single cartridges becomes 


d|/awkward. When a man pummels you, you must 


choose one of two possible alternatives, pummel back 
or run away. So in battle, and I shall have to revert 
to this idea in speaking of the Kukuanian target prac- 
tice, men will fire at each other, and with modern 
breech loaders, even a few minutes’ firing entails 
enormous expenditure of ammunition. The combat- 
ant first out of ammunition is apt to reserve further 
fighting for another day. Ignosi, influenced by these 
considerations, concluded that every soldier going into 
action must carry in immediate accessible shape not 
less than 150 cartridges. He accomplished this by 
radically changing the accustomed method of ayo 4 
Instead of the usual small boxes holding the cart- 
ridges, he substituted endless muslin bands, furnished 
with fifuy ‘ casings,” each of which holds a shell, pre- 
cisely as the belt does. Immediately preceding an en- 
gagement, two of these bands are given to each man, 
who slings them over his shoulder, as you see. This 
plan also permits the ready supply of the fighting line 
by means of pack mules laden with these bands ready 
for distribution. Ignosi has adopted a detachable 
| magazine gun, apparently the only form of arm that 
fulfills the condition of being as good as the best single 
| loader, for it is a single loader, and yet is, when re- 
quired, one of the best of repeaters. For the personal 
| carriage of ammunition, he has adopted the same plan 
as for the single loader, a magazine belt and magazine 
bands, as is shown on the screen. 

As regards cavalry, Ignosi acted in accordance with 
conclusions founded upon the general drift of modern 
experience, and upon the inevitable necessities of 
future battle formations. The results of experience 
induced him to consider cavalry as mounted infantry, 
and the “ trooper’s” special equipment differed in no 
respect when mounted from what it was when. afoot. 

he horse is furnished as a means of rapid transpor- 
tation, and everything additional carried was intended 
for his comfort, and not for the rider’s. Ignosi re- 
called the telling effect of even sinall weights upon the 
animal's endurance, as shown especially in handieap 
races, and he insisted that the living vehicle should be 
laden as lightly as possible, hence the horse carried 
nothing but what was needed for his health, his 
sustenance, his security, his management, with a 
single exception to be presently noted. The neces- 
sities of future battle formation, by which Ignosi 
meant, in a word, greatly extended lines, uire that 
the commanding general should have it in his power 
to hurl a sufficient force rapidly, unexpectedly, upon 
some exposed point, and therefore Ignosi provided for 
heavy mounted reserves, that could be promptly 
entered at the weak spot. 

As the ordinary carriage of the rifle and reserve am- 
munition would prove impracticable in such fierce 
riding as might on occasion be required, Ignosi has 
adopted the invention of an American cavalry officer, 
= Hunter, and has attached to the saddle, gun 
and ammunition pockets, as shown on the screen. 

A few words on the Kukuanian target practice are 
in place here. Ignosi had observed that a mark which 
fired back had a decidedly quickening effect upon the 
marksman. 

As remarked already, fired at necessitates firing back 
or shelter. Under such circumstances a man must be 
kept busy; the immediate work at hand is firing his 

jece, and he will peg away as long as his ammunition 
asts, and as rapidly as his arm permits. Under such 
exciting strain, the average soldier will not tarry to 
assume correct school positions for aiming and firing, 
he will ‘* blaze away.” 

Ignosi had seen men, tolerably taught soldiers, fir- 
ling under excitement, and he had noticed that as far 
as aiming was concerned, they had apparently recalled 
the axiom that two points determine a straight line, 
had drawn a “bead” from the rear sight to the object, 
and had contentedly fired. The result is shown on the 
screen. To make certain that at least the muzzle of 
the gun is presented at the object, Ignosi attached to 
his arms a small tube as rear sight. You see that if 
the piece is at all aimed, it must be pointed correctly. 

To simulate the excitement, shifting distances, noise 
and smoke of actual battle, Ignosi provided for prac- 
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tice movable skeleton targets representing advancing 
lines, which were pushed by small steel-clad traction 
engines, whose shrieking and puffing gave life to the 
movement. In addition, each was furnished with a 
small Gatling, tiring blank cartridges, whose sharp re- 
ports, by their aggressive suggestiveness, enhan the 
value of the practice. Of course he had exact sharp- 
shooting competitions at long ranges, one feature of 
which is worth mentioning. No marker was ever ex- 
posed during practice. A _ bullet-proof shelter was 
placed in front and to the side of the target. In this 
the observer recorded the hits by means of a lens and 
reflecting prism upon a miniature target, which formed 
part of a fac-simile telegraph circuit. The marksman 
thus saw at once at his side the exact position of his 
hit. 

Ignosi has made artillery a special subject of study ; 
he recognized its predominant importance, for he had 
seen one of the greatest wars of modern times decided 
by a superior artillery opposed to a better armed in- 
fantry. 

In his study of this branch of military science, he 
had been struck by the fact that, with the exception 
of the recent general introduction of rifled guns, whose 
superiority had been foretold a century and a half ago, 
there had been no radical change since the original in- 
troduction of cannon as an offensive arm. There had 
been many changes of detail, necessitated principally 
by modern improvement in manufacturing processes, 
but aside from these, in its general aspect, be found 
the artillery of to-day what it had been in the wars of 
Frederick and Napoleon. 

In the equipment of infantry, the great underlying 
principle of modern warfare had been relentlessly ap- 
plied. everything that was not absolutely essential had 
been lopped off, everything had been surrendered for 
the attainment of the cardinal requisite, mobility. 

Artillery carriages have been strengthened, guns 
have been strengthened and are now loaded at the 
breech, powder has been strengthened, but no em- 
= departure from the old system has been ob- 
tained. 

The complete carriage, the fourgon, the wagon that 
carries the pieces, is to-day in principle what it was 
when Gustavus Adolphus adopted it. 

The battery wagon and forge, one-third of the bat- 
tery effective, are apparently deemed as necessary to- 
day, when every campaign condition has changed, as 
they were during the march to Moscow. 

He found that the projectiles of to-day, all metal, 
weather-proof, the powder of to-day so dense as to be 
alinost moisture repellent, guarded as jealously as when 
soft wood sabots had to be kept from swelling, as 
when the loose, absorbent, explosive mixture of the 
days of yore was cherished as a precions, mysterious, 
sensitive chemical. 

Ignosi had studied the cause of this universal adhe- 
sion to traditional requirement. He had endeavored 
to discover the reason why this most important arm of 
the service did not progress in sympathy with the 
Zeitgeist, the remorseless pruning spirit of the age. He 
attributed it to the influence of heredity; he con- 
sidered it a most remarkable instance of the persist- 
ence of ancestral traits. 

When guns were set up for battle use they were rare 
and complicated constructions, replacing, not because 
more simple, but because of greater power, cumber- 
some mechanical devices, like catapults, whose services 
required artificers, skilled for the time, and not com- 
batant soldiers. . 

These first cannon occupied fixed positions, as did 
their prototypes, required equally complicated service, 
and their attendants were out of the hand-to-hand din 
of the fight. 

Ignosi noted that although cannon and arquebuse 
were almost contemporaneous in development, yet, 
curiously, their use blindly followed the rule of the 
bow and the trebuchet. A feudal serf could bend the 
bow, therefore he could use the missile weapon that 
replaced it. 

It required science to operate the trebuchet, hence 
only peculiarly skilled men could be intrusted with its 
successor, the cannon. For centuries now, by a most 
warvelous exhibition of transmitted esprit de corps, 
this fictitious distinction has been cherished, and is 
evidenced to-day in the good-natured tolerance of 
the artilleryman for his brother soldier, the ‘‘ mud 
crusher.” 

Of course, the complicated machinery of the middle 
ages has necessarily disappeared, but for every haw- 
pering element ‘“‘downed,” a new one, from Ignosi’s 
point of view, has sprang into vigorous existence. 
To-day, the development of the capabilities of small 
arm fire requires as much science, personal skill, judg- 
ment, nerve for its useful application, as does the ser- 
vice of fleld guns. 

A plucky fellow can go around the world on a bi- 
cycle, carrying his repair material in his pocket, but a 
four-gun battery, to the reproach of nineteenth century 
Inilitary progress, cannot apparently go through a 
short campaign, without trandling along a village 
sinithy and a countrystore. Ignosi had looked aghast 
at the latest tools and stores to be carried in the forge 
and battery wagon, every item of which he had been 
assured was essential. You also have the opportunity 
—the lists and the note recalls the famous work, ‘“ De 
omnibus rebus, et quibusdam aliis.”. Yet he had seen 
such a storehouse on wheels, which had gone through 
a four years’ war, “‘ turned in” with many of the origi- 
nal packages unbroken, explained by the captain's 
Statement that he ‘‘ had had something else to do than 
to paint and oil.” The old glamor ‘‘ doth hedge” every- 
thing connected with the artillery service, nowhere 
more pointedly shown than in the medieval precau- 
tions still deemed necessary for the transportation of 
cartridges and projectiles for cannon, a far simpler 
problem to-day than the secure carriage of that equal- 
ly essential element for the usefulness of the command, 
its supply of sugar. Ignosi was incontestably impress- 
ed with the existence of this inherited sentiment by the 
exhaustive discussions he had heard regarding the 
proper service of machine guns, the simplest of modern 
weapons. 

Au infantry officer is intrusted with fifty or a hun- 
dred men, he must teach them to aim, fire, and hit, he 
has numerous and variable personal equations to con- 
tend with, he must get his men habituated to the other- 
Wise demoralizing effects of recoil, he must judge dis- 
tances and correct errors, and his ability to do all this 
'snot impugned. But mounta portion of these same 





barrels in a rigid frame on wheels, eliminate recoil 
and personalities, fire them by turning a crank, almost 
without the possibility of an accident, the successor of 
the archer must retire, and the descendant of the cata- 
pultist take his place. Ignosi determined to break 
through these trammels of tradition and to bring 
his artillery in sympathy with the military progress of 
a age, to make it as mobile as its twin sister, the in- 
antry. 

He took up the question in detail. 1. He considered 
the gun carriage and limber as a wagon; you seea fair 
exemplar of the usual vehicle on the screen. It is a 
wagon with a flexible reach and arigid pole. Nowhere 
had he found such another construction. In all his 
wanderings he had never met a four-wheeler in which 
these conditions were not — reversed. Every 
wagon he had seen had a rigid reach and a hinged pole. 
As this was the universal method, [gnosi adopted it. 
He had heard artillery officers complain of the vertical 
“thrashing” of the pole as destructive to their horses. 
Many ingenious plans had been suggested for the ame- 
lioration of this evil, none of which, however, struck at 
its root. 

Its cause is easily understood; the limber wheels 
meet an inequality and are checked; the rigid pole, 
owing to the pressure of the trail, goes up, the carriage 
wheels next strike, the trail goes up and the pole down, 
to the great discomfort of the horse. Hence, in travel- 
ing over rough ground, there is a constant seissors-like 
opening and shutting between carriage and limber, 
transmitted, of course, in an increased ratio, to the end 
of the pole. 

Yet, as artillery carriages cannot choose their roads, 
there must be give in the construction, customarily ob- 
tained in every-day practice by springs. 

Furthermore, there must be a simple means of rapid- 
ly converting the gun wagon into a gun carriage, ade- 
quate to sustain the piece in firing. These two essen- 
tial conditions have for centuries been well met by the 
established lunette and pintle connection, a strong 
junetion, yet affording an easy, quick, and simple 
ineans of disjoining limber and carriage. use it 
fulfilled these n requirements so satisfactorily, 
this joint has maintained itself to the present, notwith- 
standing that when it is considered a part of a gun 
wagon, it violates the elementary principle of teaming, 
a virtually stiff connection between front aud hind 
wheels. rigid pole is a logical sequence of a hinged 
reach, for in this case, as seen, there is no other provi- 
sion for keeping the limber body horizontal, —— 
else to prevent its continuous “‘ wobbling” up an 
down. Ignosi formulated the essential qualities which 
his carriage must possess thus : 

A rigid reach, a hinged pole, a universal joint arrange- 
ment, replacing the fifth wheel and springs of ordinary 
vehicles, a sure method for rapidly limbering and un- 
limbering. 

It would consume too much time to describe in de- 
tail how he accomplished this—a model is before you, 
and the construction is shown on the screen. The 
reach is rigid vertically, movable horizontally, the 
limber ‘‘ drawhead” can revolve, the pole is hinged 
— the three together operate as a universal 
joint. he pintle is long enough to afford an instanta- 
neous connection should circumstances demand it. 

Mobility requires rapid maneuvering. The latest car- 
riage has a turning angle of 55°—Ignosi’s a normal 
turning angle of 90°, an emergency angle of over 100°. 
To attain this desirable end, Ignosi abolished the pintle 
hook and substituted a ‘‘ drawhead,” suggested by uni- 
versal railroad practice. Usually this is cheeked by 
chains, yet allowing the spring to act slightly—thus 
saving many a shock to the horses. In actual combat 
the chains are unhooked, thereby giving the spring 
full play. 

As the ‘‘ drawhead” had to be long, it required sup- 
port. Ignosi upheld it accordingly in the familiar 
manner, by a truss, as you see. But this interfered 
with the carriage of the time-honored ammunition 
chest, so Ignosi gaveit up. He adopted an ammuni- 
tion box, holding three rounds, weighing about fifty 
pounds, with cover cleverly fastened, as you can see, a 
device due to Colonel Williston, of the American artil- 
lery. Sixteen of these packing boxes, forty-eight 
rounds, a greater number than are generally carried, 
are placed on the limber, and are lashed, if necessary, 
just as any other load would be. The cartridges are 
packed in paper bags, perfectly water proof, hermeti- 
cally sealed, and easily torn off in action. Ignosi de- 
signs that these boxes should nares the pouches used 
in carrying the ammunition to the gun. 

When the limber becomes a two-wheeler, the simple 
device shown on the screen, a movable sleeve, locks 
the pole, and it may gallop off for further supplies, or be 
weet any cart might. A permanent seat is available 
for the cannoneers, and capacious receptacles are 
gained, in which everything necessary for casual re- 
pairs is carried, all without important change of di- 
mensions, thus enabling him to dispense entirely with 
the ancient forge and battery wagon. For the rare 
eases in which a forge may be deemed desirable, I[gnosi 
had adopted the miner’s pattern, modified be 8 Colonel 
Whittemore, and, as here shown, it is readi y stowed 
in the limber boot. The occasions for its use in Kuku- 
anian campaigns will be rare, for ‘‘ cold shoeing” is an 
assured success, mild steel has replaced iron, and Ignosi 
has adopted the Clarke type of wheel, shown in model 
and on the screen, which can be ‘‘ knocked down ” and 
assembled without the aid of wheelwright or black- 
smith, making the replacing of a broken felloe or 
spoke a very simple matter. 

Ignosi had seen the destructive effects upon the car- 
riage of the severe recoil strains dne to modern light 
guns, long projectiles and heavy ch his he en- 
deavored to overcome by the device shown in model 
and projection, a recoil jacket, in which the gun 
moves very much as the piston rod does in the cylin- 
der. 

The spring ‘‘ takes ” the initial shock, and thus saves 
the earriage. 

Ignosi placed the machine gun in the same category 
as the revolver: for offensive purposes he considered 
it the weapon of the instant. He adopted the latest 
Gatling with the Accles positive feed, rendering it 
available for fire at any angle. 

As this gun can fire 1,200 rounds per minute, to make 
it an integral factor of an advancing line would re- 
quire an amount of ammunition impracticable to carry 
with it. Hence Ignosi, while recognizing its great 
value for defensive purposes, each piece virtually re- 





ppreatios under these circumstances a full com y, 
id not deem it a feasible element in the eaanent tnt 
of battle. His reserve, however, was plentifully sup- 
lied with Gatlings, each gun fully equip with 
B G00 rounds, ready for use; in other words, with 
thirty-six charged Accies drums, equivalent to three 
minutes’ furious volley firing. He appreciated that in 
every great battle a moment might come in whicha 
far-seeing commander, by a rapid concentration of 
aggressive fo without laying bare any portion of 
his :nain line, might, by the coup de main, overwhelm 
the enemy. And for this purpose he deemed the ma- 
chine gun a valuable os offenstve weapon. 

The clock warns me that I must arford release to 
your compulsory attention, else I would dwell upon the 
many other changes tnade by Ignosi. I would like to 
describe, for instan his artillery harness, planned 
upon that used with steam fire engines ; to tell you 
how he got rid of the destructive punching and cutting 
of straps to make them fit ; to dwell upon his barracks, 
his mess outfits, his simple methods of obtaining and 
accounting for repair material. I would like to go into 
details regarding the kind and quality of clothing used, 
to indicate the methods by which he secured unadul- 
terated, unrobbed food for his men. But time forbids ; 
I shall only add that he believed thoroughly that prac- 
tical weys used and approved by the community at 
large must be , and he therefore made it a fixed 
rule to apply them to the army methods. 

The knowledge he had gained by his own experience, 
his method of gaining it, by friendly intercourse with 
keen thinkers, by constant, intelligent observation 
and examination of what the workers—they who strive 
hard for necessary profit—do, he grafted upon the 
wilitary system of his country. 

To us, Ignosi is an iconoclast. He has broken the 
idols of the fathers ; he has dissipated the traditions of 
the ages ; he has extirpated the last vestige of feudal- 
ism; and he has wade the army of Kukuanaland of 
_ people, for the people, loved, honored, respected by 








PAVILION OF THE UNITED STATES OF 
VENEZUELA AT THE PARIS EXHIBITION. 


BEFORE touching upon a description of the pavilion 
of the United States of Venezuela, and of the import- 
ant collection that it contains, it will be well to recall, 
ina few words, the different phases of the country’s 
history and to give a general idea of its geographical 
and Looper ob isomneey of its general statistics, and of 
the state of advancement and development of its chief 
industries. 

Washed at the north by the Caribbean Sea and at 
the northeast by the Atlantic Ocean, bounded on the 
south by the Brazilian province of Alta Amazones and 
by the territories in dispute between Ecuador, Coloin- 
bia, and Peru, on the east by British Guiana, and on the 
west by Colombia, Venezuela is situated entirely with- 
in the torrid zone, between south lat. 1° 40’ and north 
lat. 12° 16’. 

The territory was discovered in 1490 by Alphonso 
Ojeda, a Spanish explorer, who sighted in the first 

lace the lagoon of ~ sone Ml The Spaniards, upon 

anding, seeing some huts that the Indians had estab- 

lished upon piles in order to raise them above the stag- 
nant water that covered the plain, called the country 
Venezuela, that is to say, ** Little Venice.” They made 
a few attempts to establish themselves there, but with- 
out success. Lateron, Charles V. definitely conquered 
the country, and in 1527 issued a decree that ail the 
Indians who resisted should be enslaved. The con- 

uest effected, Charles ceded Venezuela as a fief to 
the Velseres, rich bankers of Augsburg, with whom 
he had effected large loans. Under the administra- 
tion of the delegates of the Velseres, who were solely 
occupied with the greed of gain, colonization made 
little progress, many Indians were reduced to es 
and a large number were pitilessly massacred. n 
1547, at the expiration of the lease granted the Velseres, 
Charles appointed a Spanish governor, Don Juan 
Perez de Tolosa, who founded Caracas in 1567. 

Up to 1811, Venezuela remained under the dominion 
of the Spaniards. The war of independence lasted 
from 1811 to 1849, at which epoch the country was 
erected into a republic under the name of Colombia, 
and comprising three large departments, viz., Vene- 
zuela, Quito and Condinamaria. 

It was not till 1880 that Venezuela took the initia- 
tive in the dissolution of Colombia, and formed itself 
into an independent state. 

Since that epoch, Venezuela has passed through 
alternate vicissitudes of trouble and quiet. Peace was 

rmanently established under the administration of 

resident Guzman Blanco, now minister plenipotenti- 
ary to Paris. Finally, on the 5th of July, 1888, Dr. Juan 
Pablo Rojas Paul succeeded General Blanco.' 

As regards its productions, the country may now be 
divided into three well-defined topographical zones. 
The first is the agricultural zone, which cecupies an 
area of about 185,000 square miles, and is comprised be- 
tween the coasts and the plains or savannas. In this 
zone there still remains much unsettled land. 

Scarcely 3,750 square miles have been cleared and 
partially cultiva’ since the conquest. There are in- 
cluded in this — bays and thirty-two ports, among 
which are those of Puerto Cabello, Maracaibo, Caracas, 
Cumana, and La Guayra, This portion of the country 
could easily feed seven million inhabitants. Caracas, 
which is situated in this zone, and which is the capital 
of the republic, is acquiring an ever-increasing import- 
ance. The city has more than 70,000 inhabitants, is 
lighted with gas by a company having a capital of 
$240,000, and is the terminus of four lines of railways 
running to La Guayra, El Valle, Petare, and Antimano. 

The second zone is that of pasture lands or /lanos. It 
is covered with gigantic grasses, and is the principal 
station for live stock. Nevertheless, some cultivated 
land is likewise to be found here. This zone embraces 
an area of nearly 155,000 square miles. 

The third zone is that of forests, where we find 
woods, uncultivated mountains, and virgin forests. 
This zone, which is of incomparable richness, and in 
which abound rubber, vanilla, coquito nuts, tonka 
beans, and copaiba, and in which are found true 
natural plantations, would be capable of givingasylum 
to more than sixteen million inhabitants. The wealth 
of the soil is but very slightly exploited in the terri- 
tories of Amazones, Caura, and Upper Orinoco. This 
latter territory is, so to speak, the retreat of the inde- 
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pendent Guarranos Indians, who, owing to their mild 
character and indolent habits, live on very good terms 
with the whites. The forest zone covers an area of 
nearly 305,000 square miles, 

The exceedingly rich mines of the country have been 
partially worked only for the last twenty years. Sev- 


meres 
= 


~ = 
~ #) 


The pavilion was constructed by Mr. Paulin, a French 
architect. As Venezuela has no national architecture, 
Mr. Paulin borrowed from the principal characters of 
the architecture called the “8S ish Renaissance ;” so 
that the little bottle-shaped dome and the motifs of 
the frontons and platbands upon a facade of uniform 
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eral companies are mining gold at La Guayra, and | 
the most important of these is the Callao, which, in 


1885, exported 1,730,712 ounces of gold, representing a 
value of about $34,000,000. We may mention also the 
English copper mine company of Arva, which, in 1886, 
exported nearly $600,000 worth of ore. 
he following are the statistics of Venezuela for 1886 : 
Population seks 2,198,320 
Railways in operation.... 139 miles. 
md constructing....... 244 * 
sg projected 200 =“ 
Telegraphs... .... bis 2,507 “ 
Agricultural products , $10,600,000 
Live stock... ‘ee 1,520,000 
Mining products ... 5,712,000 
Importations...... 12,490,675 
Exportations . 16,460,856 
Coast trade..... , i 11,716,251 
Let us add that the commercial movement was ef- 
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THE PAVILION OF THE ARGENTINE 


fected by means of 9,263 ships—7,568 Venezuelan, 212 
French, ete 


Like its South American neighbors, Venezuela has 


concentrated its entire exhibit in a special pavilion 
located on the Champs de Mars, between the Eiffel 
tower and the Palaee of Liberal Arts. 





whiteness recall the palaces and public buildings of 
Granada and Seville, the construction of which dates 
from the reign of Charles V. 

The structure, which occupies an area of about 4,800 

uare feet, comprises a main building and two wings. 
The main building comprises, at the entrance, a salon 
of honor, followed by a wide patio with internal colon- 
nade, and ends in a gallery whose’central part forms a 
loggia. Inthe wing to the left, a small saloon forms 
the ground floor, and a turret staircase gives access to 
a small belvedere. The wing to the right, which is 
covered with a sort of tent, breaks, through its varied 
tones, the uniformity of the colors of the two other 
parts of the structure. 

The exhibition was organized by General Guzman 
Blanco and a committee of which Coiumissary-General 
Para-Bolivar is president. 

The products exhibited belong to six different groups, 
and are divided into twenty-four classes. They con- 
sist of perfumery, basket work, hats, fans, cotton fab- 





rics, silk and hemp fabrics, Indian bridles, beautiful 
mineral specimens, gold, silver, copper, and iron ores, 
coal, gums, resins, varnishes, birds of rare plumage, 
fruits, barks, rubber, gutta 
medicinal plants, tiger and other skins, mineral waters, 
food products, such as rice, wheat flour, tea, coffee, ete. 


reha, cotton, seeds and 
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| "There is one special hall in the pavilion reserved for 
| the science of anthropology, and this certainly is vot 
the least interesting part of the exhibition. It consti- 
tutes a history of the Paches and Guarranos, the 
Indians who shared the country with each other be- 
fore the conquest. We find here not only their skele- 
tons, skulls, and detached bones, but also their cos- 
tumes, armor, and bunting and fishing implements -; 
two sarcoph one of them of bark and containing a 
corpse ; and, finally, a facsimile of one of the hills that 
form the pre-Colombian necropolis discovered in 1887 
by Mr. V. Marcano,—Abstruct from Le Genie Civil. 





THE ARGENTINE REPUBLIC AT THE 
EXPOSITION. 


THROUGH the extent of its territory, its situation, 
and its agricultural and industrial wealth, the Argen- 
tine Republic occupies in South America a rank, so to 
speak, that belongs to the United States in the north, 
and it is now possible to foresee the important role 
that it is to play in the world in the twentieth cen- 
tury. 

Its increasing prosperity is so much the more deserv- 
ing of attracting our attention in that this wonderful 
country, with which we have so numerous affinities of 
race and language, a long time ago acquired our ideas, 
manners, and tastes, in that it has never undergone any 
other intellectual influence than ours, in that it yearly 
receives thousands of our compatriots who ask it toem- 
ploy their hands, their capital, or their knowledge, and, 
in a word, and without exaggeration, in that it consti- 
tutes our finest colony. 

The spirit of production which is manifesting itself 
in the Argentine Republic required more than a simple 
pavilion on the Champs de Mars for its exhibition, and 
so it figures there in a true palace, built by Mr. Baller, 
architect, and decorated by Duez, Toche and Roll, artists 
like Tony, Fleury, Gervex, etc. 

This edifice covers a superficies of 18,275 square feet, 
and consists of a main building surmounted with a 
central dome 92 feet in height, flanked with four eupo- 
las 73 feet in height, and with two Senco wings 
to the right and left. In the axis of the entrance there 
is a staircase that leads to the galleries of the first story. 
The framework, which is entirely of iron, is decorated 
with pretty polychrome terra cottas furnished by Mr. 
Emile Muller, with glass windows of a new system, with 
mosaics, and with polished crystal glass bull’s eyes 
lighted by electric lamps that form 900 luminous points, 
producing a magnificent effect. Decorative sculptures 
crown the four corner towers and the main entrance, 
and ornament the pendentives of the large cupola. 

This structure cost no less than $280,000. It is to be 
taken down and rebuilt at Buenos Ayres, where it will 
serve as an exhibition palace, as the Palace of Industry 
does at Paris. 

We now propose to give some precise data regarding 
the objects exhibited and the economic situation of 
this country, whose market is daily increasing and 
may become an important center of exportation for 
our products. 

The fundamental phenomenon of the development of 
the Argentine Republic is immigration. The govern- 
ment makes every effort to favor the tide of immigra- 
tion, and, for that purpose, spends no less than 
$1,500,000 per annum. So, in twenty-five years, the 
population has increased by 150 per cent., and to-day 
is 4,500,000 inhabitants. There is nothing to surprise 
us in such a progression when we reflect that 120,000 
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immigrants, on an average, yearly land at Buenos 
Ayres. With the increase of the population, the land 
fit for culture was soon under tillage. 

Yet avery detailed map in relief, to be seen at the 
entrance of the Argentine pavilion, shows immense 
stretches which, despite recent progress, still await the 
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work of man to yield to him the riches that they con- 


tain. 

In 1852, land in the province of Buenos Ayres was 
not worth more than 48 cents an acre. To-day, within 
a radius of 13 miles around Buenos Ayres, the bare 
land, generally occupied by French Basques, is sold 
at from $64 to $80 peracre. In the region of the farms, 
that is tosay, within a circumference of 50 miles radius 
passing through Buenos Ayres, land is granted at a 
price we ge from $32 to $64 per acre. 

Beyond, save near the southern and eastern railway 
lines, farming has given way almost entirely te raising 
stock, especially sheep. Pasture land is rented at $500 
per square mile, and the selling price is $5,900. 

In 1887, in the territory of Chaco, 260 miles from 
Buenos Ayres, the government sold at public auction, 
at $700 per square mile, land that would not have 
found buyers at 12 cents an acre twenty-five years ago. 
In a general way, it may be said that to-day, in the en- 
tire republic, there are no longer any lands worth less 
than $590 per square mile. 

The figures just given show that the source of the 
national wealth is, and will be for a long time to come, 
agriculture and the raising of cattle. So the products 
of agriculture and live stock raising are largely repre- 
sented in the Argentine exhibit. 

As soon as we cross the threshold of the main en- 
trance, we remark to the left a reproduction of a 
chamber serving for the preservation of meat by cold, 
which was installed by the Sansinena Society of 
Buenos Ayres. This, for most of the visitors, is a 
novelty that never fails'to attract their attention. 

The importation of cooked meats, preserved by the 
Appert process, has never had much success in Europe, 
sinee such food cannot replace fresh meat, although it 
is valuable in certain cases. As for the importation of 
living animals from a distance, say from Australia or 
La Plata, that has not been any more fortunate, be- 
cause of the cost of carriage and of feeding on board, 
and of the mortality during the passage. 

It was the French of Basque origin who first foresaw 
the service that the exportation of frozen meat might 
render to France and England. To-day, there are four 
frigorific establishments for the preservation of mutton, 
the only meat that the Argentine Republic can now de- 
liver to our markets. In 1888, the exportation of frozen 
mutton was 40,145.573 pounds. In the two months of 
January and February, 1889, England alone imported 
151.884 frozen sheep from the Argentine Republic. 

The animals are taken by short trips from the breed- 
ing centers, and inclosed in vast pasture grounds at the 
ports of Buenos Ayres, where they wait to be slaugh- 
tered. As soon as the sheep have been slaughtered, 
their carcasses are placed in cold chambers, where they 
are gradually frozen. From the establishments of 
Buenos Ayres, the meat is transferred to cold cham- 
bers on shipboard in which a constant temperature 
of —12° is maintained through the simple expansion of 
compressed air. Upon reaching Europe, the meat is 
deposited in cold chambers analogous to those in 
Buenos Ayres, and whence they are shipped to market 
on special cars. 

In the galleries of the first story of the Argentine 
palace, we find a remarkable collection of wools, due to 
the initiative of the Buenos Ayres Chamber of Com- 
merce. These wools are derived from the shearings of 
1886, 1887, and 1888, and comprise specimens of all the 
varieties found in the province of Buenos Ayres, from 
the poorest and coarsest to the richest and finest. 

The largest yield of wool is furnished by animals 
crossed with the Rambouillet race of sheep. 

The wool production of the republic is 350,000 bales 
of about 880 pounds each. 

The exportation in 1887 was 240,263,642 pounds, of 
which the official value was $32,749,315, and that of 
1888 reached 289,835,347 pounds, valued at $44,858,608. 

The wool exhibit is completed by that of leathers 
and skins, the exportation of which to Europe is like- 
wise one of the chief elements of the commerce of the 
republic. 

In 1888, there were exported 61,705,745 pounds of 
sheep skins, valued at $2,608,013, and 57,403,372 pounds 
of cow and calf skins, valued at $10,045,967. 

The agricultural products are represented by very 
numerous specimens. According to the official publi- 
cations of the Bureau of Statistics, the number of acres 
devoted to the culture of wheat was, in 1888, 1,500,000. 

Allowing a product of ;4; of a ton to the acre, the en- 
tire amount would have been 600,000 tons. 

The quantity exported the same year was 393,602,000 
pounds—a diminution of 129,703,025 pounds upon the 
preceding year. 

After the culture of wheat comes that of Indian 
corn—to which 965,000 acres are devoted. Granting the 
normal product to be 2,200 pounds to the acre, the en- 
tire amount would bea million tons. The quantity 
exported in 1888 was 358,045,097 pounds—a deficit of 
444,012,373 pounds as compared with the shipments of 
1887. 

The exportation of flax in 1888 dropped to 88,490,352 
pounds, a little less than half that of the preceding 
year. These diminutions in the exports of agricultural 
products must be attributed to the poor crop of 1887. 

Among the new cultures introduced into the repub- 
lic are those of the olive tree and ramie. The sugar 
cane is largely cultivated in the province of Tuenman, 
where there are thirty-eight works devoted to the 
manufacture of sugar. 

The republic’s exhibit comprises an entire class de- 
voted to wines derived from wen preroness of Mendoza, 
San Juan, Entre Rios, Salta, and Buenos Ayres. The 
attempts at viticulture in this favored country have 
given most encouraging results,and the importations 
of foreign wines have greatly diminished. 

Another industry, which is still in an embryo state, 
but which will soon make progress with the develop- 
ment of railroads, is that of mining, which is daily 
discovering new resources over a larger number of 
points of the Argentine territory. The numerous col- 
lections exhibited in the galleries of the first story by 
the University of Cordova leave no doubt as to the 
mineral wealth of the soil of the Argentine Republic, 
and the export figures already allow it to be seen that 
a brilliant future is in store for it in this regard. 

Railroads, those powerful agents of the economic 
transformation of a country, have been greatly de- 
veloped in the republic. In one of the galleries of the 
lirst story, there is a map of the various systems which 
teaches us that the Argentine territory in 1887 was 
provided with 15 lines, of a total length of 4,515 miles, 





with a traffic of 8,210,255 passengers and 3,932,651 tons 
of merchandise. 

In 1887 alone, 17 new lines were conceded by the 

vernment, 13 of them with a tee of 5 per cent. 

hese guaranteed lines ~ oy alength of 4,471 wiles, 
and the 4 others, 1,963 mi In 1888, the government 
refused all guarantees, and granted concessions only 
with numerous restrictions; yet 11 lines were con- 
structed that increased the total by 1.800 miles. 

The government, while actively developing its rail- 
way system, has also devoted lange sums of money to 
the improvement of its ports. The city of Buenos 
Ayres, the largest commercial center of South America, 
is soon to have four ports, which altogether will give 
15 miles of canals and 21 miles of wharfs. They will 
comprise the old port—that of Riachuelo, which can 
now, owing to the dredging of the channel, be entered 
by ships of the largest tonnage; the port of Madero, 
which is now constructing, but one basin of which is 
open to commerce ; the southern docks, which will be 
situated opposite port Madero; and finally, the city 
port, the project of which has recently been presented 
by Commodore Lasserre. 

Buenos Ayres is therefore destined to become one of 





commerce, the founding of new banks, and the exten- 
sion of capital and ¢ tare the causes of the increase 
of public revenues that perwit the treasury to respond 
to the exigences of all the services. 

In 1886, the revenue of the nation was $46,762,000, and 
in 1887, $58,135,000, The figures for 1888 are wanting, but 
there is every reason to believe that they will exceed 
$70,000,000. 

The consolidated public debt, interna] and external, 
was, on March 81, 1888, $139,527,000. 

According to official statements, the public debt 
can be extinguished in eight years, with the product of 
the public lands, the reserves of gold deposited in the 
national bank and in those belonging to the state, the 
180,000 shares of the national bank, which are the pro- 
perty of the state, and the revenues from different 
pablic works—the whole amounting to a sum greater 
than that of the debt. 

On another hand, the depreciation and fluctuation 
of bank notes constitutes an exceedingly grave mis- 
fortune for the republic, and is a source of anxiety to 
the public powers. Speculation in specie is carried on 
to a large extent, and gold is now at a premium of 57 
per cent. In order to remedy this state of things, the 
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the most important commercial places of the world, as 
shown, moreover, by the increasing progress of its 
maritime affairs. 

It now remains to show that, in the way of intellec- 
tual progress, the Argentine Republic has displayed as 
much activity as it has in material progress. The num- 
ber of pupils in attendance at the schools of all kinds, 
publie and private, is 227,450. In 1883, the number 
was 146,325. There are now 2,712 public schools—216 in 
the province of Buenos Ayres, 233 in Santa Fe, and 


147 in Cordova—the three most thickly settled pro- 
vinces. The city of Buenos a has 24 high schools, 
56 primary schools, 20 infant 8, and 16 schools for 


adults, which give instraction to 27,209 pupils. The in- 
struction of each pupil costs, on an average, $20 per 
year. There are, es, 132 private schools in Buenos 
Ayres and 625 in other cities. The number of teachers 
employed in the public schools is 3,579—1,611 of them 
men and 1,968 women. 

The higher instruction is given in the two univers- 
ities of Buenos Ayres and rdova, and professional 
instruction in the schools of agriculture of Mendoza, in 
the school of arts and trades of Santa Catalina, and 
the military school of Buenos Ayres. 

We shall terminate with a glance at the financial 
situation of the republic. This appears to be very sat- 
ee judging from official documents. The high 
value of the ads and city property, the increase of 





winister of finances is this year to propose to Congress 
the adoption of the bimetallic system, to the founda- 
tion of which $40,000,000 in gold would be appropriated 
in order to replace the emission of small Teak notes 
with copper, silver, and gold coin. 

The holder of guaranteed bills would be able to ex- 
change them at par for silver specie coined upon the 
basis of the Latin union, and selling his silver money 
like ingots, he would be then subject toa loss of but 
from 20 to 25 per cent. It is evident that it would be 
advantageous to make such a change, so long as the 
premium on gold was greater than the loss experi- 
eneced.— Abstract from Le Genie Civil. 


PAVILION OF THE REPUBLIC OF SALVADOR. 


THE government of the republic of Salvador confided 
to Mr. E. Pector, its consul-general, the authority of 
installing its exhibition on the Champ de Mars, and 
Mr. Pector employed Mr. J. Lequeux, an architect of 
Paris, to get up the plans for the pavilion and to super- 
intend and direct the building of it. The external as- 
pect of the structure is pleasing, as a whole, and pre- 
sents a well elaborated outline. There is but one thing 
to be regretted, and that is that it is not set far back 
enough to allow one to obtain from any one point a 
—— view of it. The relative quiet of the pavilion 

broken by a decoration which is somewhat peculiar, 
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and which, to many visitors, will remain a genuine 
mystery. It was borrowed from the history of Mexica. 
The fatence motifs are composed of the signs of the 
Mexican years, of the eighteen months that form the 

ear, cad of the twenty days that make up the month. 

inally, a frieze represents the Mexican kings.—La 
Semaine des Constructeurs. 








EXPERIMENTS UPON THE TRANSMISSION 
OF POWER BY COMPRESSED AIR IN PARIS 
{(POPP'S SYSTEM).* 


By ALEXANDER B. W. Kenyepy, F.R.S., M. Inst. 
C.E., Emeritus Professor of Engineering and Me- 
chanical Technology in University College, Lon- 
don. 


THE subject of transinission of power to a distance is 
one of such immense importance in an industrial 
country like our own that I am sure I need offer no 
apology for bringing this paper before Section G of 
the British Association. In a case such as that which 
I have to describe to you, where the distance to which 
the power is to be transmitted is great enough to be 
measured in wiles, the possible methods of transmis- 
sion are not very numerous. Steam, water, air, and 
electricity seem to be the only four agents practically 
available. All four have been used to a greater or less 
extent, and with more or less complete success. In 
our own country the distribution and use of high pres- 
sure water has been carried out with the greatest en- 

ineering skill and with correspondingly great success 

y me Hydraulic Power Company in London, and also 
in Hull. 

Electric transmission (for traction at least) has been 
at work on astwall scale for some time in various places, 
and is about to be tried on a much larger scale under 
Mr. Greathead on the Southwark Subway. In America 
it has been very widely used for traction on tramways, 
and on the Continent it has also been used to a certain 
extent for power transmission for general por . 
Steam has been used on a large scale in New York, but 
as yet its success does not seem to be unquestionable. 
Compressed air has, of course, been used over and over 
again in rough and unecononical fashion in connection 
with tunneling and boring work, but i think only two 
practical attempts have been made to utilize it econo- 
wically and on a large scale for industrial pur 
Of these two, one has been made in Birmingham and 
the other in Paris. The Birmingham Compressed 
Air Power Company has established works on a very 
large scale, but various causes have unfortunately 
combined to cause delay in the commencement of its 
operations, which indeed are hardly yet fairly started. 
In Paris, however, the transmission of power by com- 
pressed air has been in operation on a somewhat large 
scale and with very great mechanical success for a few 
years past. 

I have recently had oceasion to spend some weeks in 
making experiments in connection with the Paris comw- 
pressed air plant, and having been given the fullest 

rmission to publish the results of my experiments, I 

ave pleasure in taking this opportunity of bringing 
them before the members of the British Association. 
To avoid any misunderstanding I must premise that it 
is not wy ,intention to institute any comparison be- 
tween the different methods of power transmission 
which I have mentioned. Such a comparison, to be 
of any value, would require for itself a paper at least 
as long as the one which 1 have to put before you, and 
is, therefore, in the nature of things im ible here. 
On this matter I wish to say only one thing, in view 
of a recent discussion on the Hydraulic Power Com- 
pany’s work in London, in which eome comparisons 
were made between power transmission by air and by 
water. So far as I see, the two systems at present prac- 
tically occupy different fields, and overlap but little. 
The work that each appears to do best is exactly that 
for which the other is least fitted. I see as little chance 
for air, just now, taking the place of water for lifts or 
cranes, as I do for water coming into common use in 
driving of motors. 

I think it would be a pity if there were to be any 
impression that two systems were antagonistic which, 
in point of fact, rather supplement each other. Hav- 
ing said this much, it will, I think, be my most useful 
and most interesting course to limit myself to a de- 
scription of the plant and methods used in Paris, and 
to a statement of the actual results obtained there, as 
determined by my own experiments on the spot. The 
plant and methods are by no means absolutely perfect; 
they are not only susceptible of, but are now receiving, 
considerable improvements in detail in the extensions 
which are being carried out. In what I have to say, 
however, I shall confine myself entirely to results act- 
ually obtained with the present plant, as it was work- 
ing when I tested it two months ago, not giving it credit 
for the result of any of the improvements which have 
not yet been introduced throughout into the system of 
working. I shall only, after having given this state- 
ment of facts, state briefly my views as to the probable 

ractical value of improvements which may be, or are 

ing, carried out. 

The work now carried on by the Paris Compressed 
Air Company has developed from very small begin- 
nings, at first slowly, lately very fast. It originated in 
a pneumatic clock system, which was started about 
1870 with asmall * central station” in the Rue St. Anne, 
in the center of Paris. This business grew gradual] 
until it became far too large to be carried on from suc 
a@ position, and a few years since a central station, 
with much enlarged machinery, was established in the 
Rue St. Fargeau, which is in Belleville, about 414 miles 
east of the Madeleine. 

There are now about 8,000 pneumatic clocks, public and 

rivate, in Paris, driven from St. Fargeau, and regu- 
ated by a standard clock in the Rue St. Anne; but as 
this part of the work, although it originally formed 
the basis of the whole system, is now a comparatively 
very small part of it, and is of an entirely special nat- 
are, I do not propose to say anything further about it 

ere. 

Until about two years since, a pair of single cylinder 
horizontal engines by Farcot, and a beam engine by 
Case, sufficed for the whole work, but by that time 
the demand for compressed air for working motors 
had so increased that extension had become impera- 
tive, and the present working plant of six compound 
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condensing engines, each working two air compressors, 
with the n complement of boilers, was put 
down. This plant, except the compressors, was sup- 
plied from England by Messrs. Davey, Paxman & Co., 
of Colchester. The compressors for the Euglish engines 
were made in Switzerland on the Blanchod system. 
The demand for power is at present so great that, at 
certain hours of the day, practically the whole plant, 
old and new, indicating considerably over 2,000 horse 
power, is fully at work, and in consequence a duplicate 
main is being laid throughout, and new engines and 
compressors, half of them constructed by Davey, Pax- 
man & Co. and half by John Cockerill & Co., of Se- 
raing, are being pushed forward as rapidly as possible. 

The general system of working is illustrated roughly 
by the sketch diagram, Fig. 1, which of course is in no 






































way drawn to scale, and it is as follows: The steam 
cylinders, I, compress the air to a pressure of five atmo- 
spheres (six atmospheres absolute) or thereabout in the 
compressor cylinders, II. The air is drawn in direct 
from the engine house, where I found it to be about 
70 deg. Fahr., and after it has finally passed along the 
mains for eome little distance it is again about the same 
temperature. It is, therefore, of the greatest import- 
ance to prevent its temperature rising during the com- 
pression, as all heat so taken up by the air represents 
work done in the steam cylinders of which no part 
whatever can be utilized. If the air were compressed 
adiabatically, 7. e., without any cooling whatever, its 
temperature on leaving the compressor would be about 
430 deg. Fahr.—a temperature higher than that of satu- 
rated steam of 300 lb. per square inch pressure. At St. 
Fargeau water for cooling is allowed torun into the 
cylinders through the suction valve, during the suction 
stroke, in such quantity that the final temperature is 
only 150 deg. Fahr. So far the result is satisfactory 
enough, but owing, unfortunately, to the particular 
way in which the cooling water is utilized mechanically, 
the air does not get cooled until after it has heen com- 
pressed, so that practically no benefit is obtained from 
the cooling, in spite of the extent to which it occurs. 
The power expended, as we shall see presently, is 
practically equal to what would have been expended 
had the compression been adiabatic. The quantity of 
air dealt with at each revolution is 47°6 cubic feet (for 
the pair of ree 4 compressing cylinders), which 
is equivalent to 3°55 Ib., the quantity of water used being 
about 2°4 lb. 

After compression, the air, now having an absolute 
ag of six atmospheres and atemperature of 150 

eg. Fabr., is -- into large boiler plate receivers 
(Il, of which some are arranged to act as sepa- 
rators, and in these a large portion of the cooling 
water, which has been carried along mechanically by 
the air, is deposited and removed, before the air en- 
ters the mains, IV. The principal main is 300 mm. 
(11°8 in.) in diameter and about 3in. thick. It is of 
cast iron, made in lengths perfectly plain at each end, 
and connected by a very simple external joint made air 
tight by India rubber packing rings.. This joint leaves 
the pipe quite free endwise, and also allows all neces- 
sary sideway freedom, so that accidental distortion to 
a quite measurable extent is entirely without effect on 
the tightness of the joint. The mains are partly laid 
under roadways and footways as they would be in this 
country and partly slung from the roof of the sewer 
subways. They aresupplied at intervals with automatic 


float traps for carrying off the entrained water and |}, 


the water of saturation, as they deposit. 

On entering a building on its way to a motor, the 
air is first passed through a meter (V) exactly as gas 
would be. The quantity passing is of course too great 
to allow cng thing like an ordinary gas meter to be 
used ; indeed, only inferential meters seem to have been 
at all successful. The meter actually in use in Paris 
is a small double cylindrical box. The air passes by a 
branch through to the bottom of the inner box, up 
through it, down outside it between the two boxes, 
and away through a branch at the bottom opposite 
the inlet branch. 

The whole measuring apparatus isa little four or 
six armed fan, with aluminum or nickel vanes, placed 
near the bottom of the inner casing and communicat- 
ing motion by « light vertical steel spindle to a clock- 
work register, like that of a gas meter, placed on the top. 
The quantity recorded is simply the number of revolu- 
tions made by the fan, or some proportional number, 
and this is turned into cubie meters by multiplication 
by an arbitrary constant, determined by direct ex- 
pesheons. As to the working of this meter I shall 

ave something to say later on; it is the only type 
used by the Paris company, and serves in a very large 
number of cases as basis o cape epeg 

After passing the meter the air is carried through a 
reducing valve (VI), by which the initial pressure in 
the motor is prevented from rising above a certain 
limit, which in practice appears to vary between 3 
and 5%¢ atmospheres absolute, according to the size o 
the motor in proportion to its work. 

Between the reducing valve, VI, and the motor, VIII, 
there is placed in all ordinary cases a small stove or 
heater, VII. This heater is simply a double cylindrical 
box of cast iron, having an air space between its outer 
and its inner walls. The air under pressure traverses 
this space, and is compelled, by suitably arranged 
baffle plates, to circulate through it in such a fashion 
as to come into contact with its whole surface. A 
coke fire is lit in the interior of the stove, and the pro- 
duets of combustion are carried over the top of it, and 
made to pass downward over its exterior surface, inside 
a sheet iron casing, on their way to the chimney flue. 
The heater for the motor on which I experimented 
(which indicated 10 to 12 horse power) was about 21 in. 
in diameter and 2 ft. 9 in. high over all. The use of 
the heater, and the extent to which that use is advan- 





tageous and economical, are watters on which I shall 
touch later. 

The motors themselves (VIII) used in Paris are mainly 
of two types. Up to one horse power or thereabout 
small rotary engines, of a form patented by M. Popp, 
are used ; into the details of these it is not necessary 
to enter here. They start very readily, are easily gov- 
erned, are provided with capital automatic lubricators 
worked by compressed air, run at a very high speed, 
and are altogether very convenient. They use the air 
with little or no expansion, without previous heating, 
pag have, of course, no pretense to economy in use of 
air. 

The larger sized motors, up to double-cylinder en- 
gines 12 in. by 14 in., which is the largest size used, are 
simply ordinary Davey-Paxman steam engines, em- 
ployed for air absolutely without any alteration or 
modification. These engines have, in most cases, auto- 
matic cut-off gear controlled by the governor, and can, 
therefore, easily work with the largest economical ratio 
of expansion for the not very high available initial 
pressure. I believe that in every case heaters are pro- 
vided for these engines, although in some instances, 
where both power and refrigeration are required, they 
are used sparingly or not at all, in order to take advan- 
tage of the cooling due to expansion. 

After this short description of the general arrange- 
ments of the Paris company’s work I come now to the 
experiments which I made to ascertain its efficiency. 
Starting from the main engines at the central station, 
the particular matter which I had to determine was 
the indicated horse power which would be shown by 
a sinall motor three or four miles from St. Fargeau for 
each indicated horse power expended by the main en- 
gines on the air which passed through that motor. 
The ratio thus obtained would be the total indicated 
efficiency of the whole system of transmission. This 
ratio is in reality the product of a number of separate 
efficiencies, and the separate determination of these 
formed a necessary check on the value of the total 
efficiency. These separate efficiencies may be summar- 
ized as follows: 

1. Mechanical efficiency of main engines, or ratio of 
work done in compressors to indicated work in steam 
cylinders. 

2. Efficiency of compressors, or ratio of maximum 
work which could be done in a motor by each cubic 
foot of compressed air at 70 deg. Fahr. to the work 
actually done in compressing that air. 

3. Efficiency of mains, or ratio in which the capacity 
of the compressed air for doing work is reduced by 
friction and leakage. 

4. Efficiency of reducing valves, or ratio in which 
the capacity of the compressed air for doing work is 
reduced by the lowering of its initial pressure at the 
motor. 

5. Indicated efficiercy of motor, or ratio in which the 
actual indicated work done falls short of the maximum 
work which the quantity of air measured through the 
meter could do after passing the reducing valve. 

The product of these five efficiencies is the total effi- 
ciency of transmission without the use of a heater. 
When a heater is used, the matter is somewhat more 
complicated. All the ratios given above represent 
what may be called mechanical efficiencies, all of them 
have wnity for their maximum attainable value. It is, 
therefore, not. possible to introduce in direct combina- 
tion with them a thermodynamic efficiency (ratio of 
additional heat supplied to additional work done) 
which has for its maximum value, not unity, but 0°3 or 
some similar small value. This could only be done if 
the measurement of efficiency had started originally 
from the heat given to the steam instead of from the 
indicated horse power, and this would have given num- 
bers having a minimum of practical] value or conveni- 
ence. Probably the best practical measure of the effi- 
ciency of the whole transmission, when using heated 
air, is obtained by finding the equivalent in indicated 
horse power at the central station of the coke used in 
the heater, and adding this to the indicated horse 
power actually used. It would not be possible, by the 
expenditure of this or any other amount of indicated 
orse power at the central station, to obtain the same 
results as by heating the air just before entering the 
motor, but that, of course, does not affect the question 
before us. 

The determination of the indicated horse power of 
the main engines presented no difficulty. I measured 
it on one pair of engines at different speeds from 21 to 
44 revolutions per minute. At 31°5 revolutions per 
winute it amounted to 254 9, and at all speeds it was 
approximately 8°1 indicated horse power per revolu- 
tion per minute. The mechanical efficiency was sen- 
sibly the same at all speeds, viz., 84°5 per cent., as 
given in the table. There was no wethod available 
for ascertaining to what extent the real quantity of 
air delivered corresponded to the nominal volume 
swept through by the compressor pistons. The indi- 
eator diagrams (Fig. 2) show no signs of leakage past 
the valve, but there are no doubt various possible 
leakages which would not show on the diagrams. In 
the absence of any direct means of determination, how- 
ever, I have assumed that the compressor cylinders 
delivered their full volume, which corresponds to 348 
cubic feet* of air per indicated horse power per hour. 
This air has a weight of about 251b. It may be point- 
ed out that the water injected practically fills up the 
clearance space at the end of each stroke. 

I have already pointed out that at whatever tem- 
perature the air is delivered, it must fall to about its 
original temperature in the long length of mains be- 
fore it reaches the motors. It is, therefore, a simple 
matter to find the maximum amount of work which 
can be done by the air delivered per indicated horse 
power, for it simply amounts to the P V of the air at 
six atmospheres absolute and at 70° Fabr., plus the 
work it can do in expanding adiabatically to a pres- 
sure of one atmosphere. and minus the work necessary 
to expel it from the cylinder at that pressure and at 
the corresponding temperature.+ 

In the present case I find that this work is equiva- 





* Here and elsewhere, unless specially mentioned,volumes are supposed 
to be at atmospheric pressure and at 70 deg. Fahr., the actual admission 
temperature during my experiments. : 

+ In symbols, if suffixes 1 and 2 be used for the initial and final condi- 
tions of the air, if ares be measured in pounds per square foot and 
— in cubic feet, the maximum work possible, without addition of 
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lent to 0°52 indicated horse power for an hour, so that 
the efficiency of the compressors is, as given in table, 
61 per cent. 

It will be seen from the diagrams that the compres- 
sion curve falls only a little below the adiabatic, and 
as the area of the diagram is increased somewhat by 
the resistance of the discharge valve, the work done is 
practically the same as if the compression had been 
adiabatic, and there had been no cooling at all. This 
matter I have already referred to. 

Fig. 3 shows graphically the relation between the 
quantities so far measured. If the area, A B C D E, 
represents on any scale the work done in the steam 
evlinder, the area, A B C F, represents on the same 
scale the work done on the air in the compreseors. C 
B is an adiabatic curve, C Ga hyperbola, so that AG 
represents the volume of the compressed air when it 
has fallea in the mains to the temperature which it 
had initially at C. G H being again an adiabatic 
curve, the area A G H F (which is 61 per cent. of A B 
C F, and 52 per cent. of ABCD E) represents the 
maximum work which can be obtained from the air in 
a — the quantity calculated in the last para- 
graph. 

If it be assumed that the temperature in the mains 
is constant, then any loss of pressure, due to friction, 


Fig.2. 


’ 
Cob 









f Abs. Press. 


~ 
Eee 


--- , 








ee) 











Scale, 80/bs per | 


The Soepane main to which I have referred is not 
yet completed, and it was impossible to isolate any 

rtion of the maius, even temporarily, to test for 
eakage. From the figures I have given, as well as 
from the nature of the pipe joint, 1 cannot doubt that 
the leakage must, under any circumstances, have been 
extremely small. 

In the table I have given approximate values of the 
loss due to falt of pressure in the mains and through 
the reducing valve, with various values of the total re- 
duction of pressure. With a total reduction of half an 
atmosphere the combined efficiency of mains and 
valves is 0°96, reducing the maximum possible work 
at the motor to 0°5 indicated horse power per indicated 
horse power at central station. Under these conditions 
the minimum possible consumption of air per indicated 
horse power at the motor would be twice 348, or 
cubic feet per hour. 

The motor on which I made most of my experiments 
was an ordinary horizontal Davey-Paxman engine, 
with a single cylinder 8'4 inches in diameter and 12 in 
stroke, fitted with automatic cut-off gear. For con- 
venience sake I tested it at St. Fargeau and not in 
Paris, but I used a pressure only of 44¢ atmospheres, 
which pressure I found to be exceeded on branch mains 
31¢ miles from St. Fargeau, where | made later experi- 
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must be accompanied by an exactly equivalent increase 
of volume. 

Thus if (Fig. 3) the pressure falls from A to K, the 
volume increases from A G to K L, the point, L, lving 
on an isothermal through G. The loss of possible work 
due to such a reduction of pressure is represented by 
the difference between the areas A GH Fand K L M 
F, in both of which the expansion curves are adiabatic. 
The change of temperature in passing through a reduc- 
ing valve is so small that it may be assumed without 
sensible error that the loss due to such a process may 
be calculated in the same fashion. 

I determined the loss of head in the mains by a series 
of observations made simultaneously at known points 
in Paris and at St. Fargeau. The pressure gauges used 
having been carefully compared, and all the necessary 
corrections made, I found the loss of pressure to vary 
from 0°35 to 025 atmosphere, according to the distance 
from St. Fargeau and the amount of air passing 
through the pipes. 

The average loss may be taken as 0°3 of an atmo- 
Sphere at three miles from St. Fargean, when the in- 
dicated horse power there was about 1,250 and the 
mMaxiinum velocity of the air in the mains about 1,550 
feet per minute. What proportion of this loss of head 
may have been due to leakage, and what the amount 
of leakage (if any) may have been, I had no means of 
determining. 





ments. The position of the motor did not, therefore, 
put it under any conditions different from those exist- 
ing in the center of Paris. 

I made a large number of experiments on this motor, 
under various conditions, individual experiments last- 
ing from four hours down to half an hour. I shall here 
give figures representing only the four most important 
of my experiments, two with cold and two with heated 
air, averaging the two experiments in each case, so 
as not to burden my paper with unnecessary figures. 


The motor, when indicating 99 horse power, and | 
| investigations is to show that the comp 


making about 125 revolutions per minute, used 890 
cubic feet of air per indicated horse oe per hour. 
(Its indicator diagrams are shown in Fig. 4, their area 
being represented by K N Oin Fig. 3.) 

The work which this quantity of air, at a given pres- 
sure and temperature, is theoretically capable of doing 
behind a piston, expanding down to atmospheric pres- 
sure, is equivalent to 1°27 horse power for an hour. The 
indicated efficiency of the motor (the ratio expressing 
loss by rounding of curves, by insufficient expansion, 
by back pressure, ete.) is therefore 0°79. This figure 
gives us a check on the ratios already worked out, for 


if they are right, the air actually used should. be mo 


times as great as the 696 cubic feet already allowed for. 
This would be 880 cubic feet, which represents, of 
course, a most satisfactory check. 








It will, however, be recognized that this agreement 
checks the figures only so far as they apply to air 
porwr used, and would not be vitiated or in any 
way affected by losses by leakage. 

he vital measurement of all the experiments was, 
of course, that of the quantity of air used. The air 
was passed through one of the fan meters already de- 
scribed, readings of which were taken every quarter 
ofan hour. After the experiments were over, air was 
passed through the same meter at exactly the same 
pressure, and in as nearly as possible the same quantity, 
and then passed, at atmospheric pressure, through two 
large standard wet gas meters. he readings of these 
were taken as correct, and the multiplier for the fan 
meter determined from them. 

I found from numerous experiments on several fan 


696 | ineters that this multiplier varied both with pressure 


and with quantity, but that the latter variation was 
very small within the limits of my experiments, I 
have no doubt that the air quantities which I shall 
give you are correct within about 2 per cent. plus or 
minus. 

It will be seen that the toial indicated efficiency of 
transinission with cold air is 0°89 (see table); in other 
words, that work requires to be done at the rate of 2°6 
indicated horse power at the central station per in- 
dicated horse power at the motor. The wotor was 
worked on a brake, and its mechanical efficiency was 
found to be 0°67, so that (see table) in round numbers 
4 indicated horse power were required at St. Fargeau 
per brake horse power at the motor. 

To examine the economy due to heating the air be- 
fore using it, I used the same motor, working as near 
as possible at the same power and speed and with 
exactly the same pressure, but passing the air be- 
tween the meter and the engine through such a 
heating stove as I have already described. I weighed 
all the coke used, and read the temperatures every five 
minutes during a four hours’ trial. The air was heated 
in passing through the stove up to 815° Fahr., with a 
consumption of about 0°39 lb. coke per indicated horse 
power per hour. 

As the admission temperature on the cold trials was 
83° Fahr.* only, this corresponds to an increase of 
about 42 per cent. in the volume of the air, and should, 
therefore (had the indicated efficiency remained the 
same), have been accompanied by a decrease of air con- 


Ta or 0°70. 
used was 665 cubic feet per indicated horse power per 
hour, which is 0°75 of the 890 eubic feet oe yee re- 
quired, so that the full gabpueny is very nearly realized. 

The indicator diagrams are shown in Fig. 5, and are 
represented by K PQ Oin Fig. 3. An air consump- 
tion of 665 cubie feet per indicated horse power per 
hour corresponds to an indicated efficiency over the 
whole system of 0°52; in other words, 1°92 indicated 
horse power is required at St. Fargeau per indicated 
horse power at the motor. 

The mechanical efficiency of the motor was very 
much greater hot than cold, rising to 0°81. Hence 
about 24 indicated horse power at St. Fargeau gave 
1 brake horse power at the motor. 

These figures, however, take no account of the coke 
burnt in the heater, and are, therefore, only to be con- 
sidered as apparent efficiencies. Allowing for the 
value of the coke in the manner already described, 
the - indicated efficiency of the whole transmission 
is 0°47. 

A shorter experiment with slightly higher tempera- 
tures and considerably larger indicat borse power 
gave still more economical results, the air consumption 
falling to 623 cubic feet per indicated horse power per 
hour, an “apparent” indicated efficiency of 0°56. is 
experiment was not, however, of sufficient duration to 
allow of coke measurement. 

As to the value of the preliminary heating, the fig- 
ures which I have given show that it caused a saving 
of 225 cubic feet of air per indicated horse power per 
hour, at a cost to the consumer of about 0°4 lb. of coke 
per indicated horse power per hour. 

I do not doubt that the stoking of the heater during 
my experiment was much more careful than it would 
be in snnery veeaiee, although, on the other hand, 
it would not difficult to design a more economical 
stove. If, however, the coke consumption were even 
doubled, it would only amount to 72 Ib. per day of 
nine hours for 10 indicated horse power, the value of 
which might be 6d. or 7d. 

The air saved under the same cireumstances would 
be over 20,000 cubic feet, the cost of which, at the high 
rate charged in Paris, would be 7s. 3d. 

There is no doubt, therefore, that to attain the maxi- 
mum of economy the preliminary heating of the air 
should be carried as far as is practicable. 

Of course heating the air serves the purpose also of 
preventing any chance of the exhaust pipe becoming 
ice-clogged. I found this to happen once or twice 
when working with cold air, its occurrence depending 
rather on the amount of moisture in the air than on the 
exhaust temperature, for the engine, after running 
freely with an exhaust of —35° Fahr., choked later on 
at + 2° Fahr. 

I do not think that in any case which I met with 
there would have been any trouble from choking had 
the exhaust pipes been properly arranged. As it was, 
they were merely the Natpe | vertical exhaust pipes 
of a steam engine, quite suitable for their oviginal and 
for their intended parpese, but singularly unfitted for 
the purpose to which Il was putting them. 

Summarizing now the whole watter as regards effi- 
ciency, it may be said that the result of my detailed 
air trans- 
mission system in Paris is now being carried on on a 
large comwercial scale.ia such a fashion that a small 
motor four miles away from the central station can in- 
dicate in round numbers 10 horse power for 20 indicated 
horse power at the station itself, allowing for the 
value of the coke used in heating the air, or for 25 in- 
dicated horse power if the air be not heated at all. 

Larger tnotors than the one I tested (and there are a 
number of such in Paris) may work somewhat more, 
and smaller motors somewhat less, economically. 

The small rotary motors would, of coarse, be much 
less economical. he figures which I have given are, 
however, such as can be reached by any wotor of be- 


sumption in the rativ The air actually 





* This somewhat high admission tem 
which the motor at St. Fargean diffe 
found the admissi 


rature was the only point ‘in 
from those in Paris, where I 
ion temperature to be from 69° to 71° Fahr, 
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tween 5 and 25 indicated horse power if worked at a 
fair power for its size 

M. Victor Popp himself, and the engineers of the 
company, by no means content with the results al- 
ready obtained, are experimenting in various direc- 
tions with a view to greater economy, and I have not 
the least doubt that they will attain their end. But 
although I made several experiments on new appa- 
ratus, I prefer to leave their results here undiscussed, 
confining myself as strictly as possible to the work 
which has been already carried out and the economy 
of actual present working, rather than giving any cre- 
dit for the result of improvements, which, however cer- 
tain they may be thought, are not yet actually carried 
out in practical work. 

A system of transmission whieh has actually been 
carried out on a large commercial scale in such a way 


as to have an indicated efficiency of 50 per cent. be- | principal thing. 


tween prime mover and secondary motor, four or five 
miles apart, is one which needs no adventitious aids to 


commend it to notice, especially where its uses are so| gested to we) to pump air back into the wain, and 


numerous and so varied, and its convenience so ex- 
tremely great, as are those of compressed air. 

Both M. Victor Popp, who has organized and carried 
through the work of the Paris company, and Mr. 
James Paxmar., who has designed and made the greater 
part of the machinery used, are to be heartily con- 
gratulated on the results which have attended their 
work. 

While, however, I am unwilling to lay stress on pos- 
sibilities which are not yet actualities, there can be no 
harm in saying that I have no doubt whatever that 
with mere improvement of existing methods and ap- 
pliances, and without the adoption of any new or un- 
tried methods whatever, the new plant of the Paris 
company now being constructed can be made to have 
an indicated efficiency of 67 per cent. instead of 50 per 
cent., and to give about 0°54 effective horse power at 
the motor for each indicated horse power at the cen- 
tral station, in the case of such a motor as that on 
which I experimented. 

Under these circumstances the air used per indicated 
horse power at the motor would be 520 cubic feet, or 
650 cubic feet per brake horse power. I have the less 
hesitation in given these hypothetical figures because 
the more important imperfections of M. Popp’s trans- 
mission system arise from such a very obvious cause. 
Nothing, indeed, can be easier (as was evident on the 
recent visit of the Institution of Mechanical Engineers 
to St. Fargeau) than to point out various weak points 
in the arrangements adopted, and yet, in spite of all 
such somewhat cheap criticism, the fact remains that 
no one has yet carried out a compressed air transmis- 
sion with anything approaching to the same success 
on anything like the same scale. The fact is that the 
success of the system has been essentially due rather to 
the practical good sense with which the work has been 
carried through than to any special novelty in the 
methods employed. 

The air-compressing arrangements at St. Fargeau 
are in no respects novel or specially perfect, they had 
been used over and over again before ; there is no spe- 
cial advantage in M. Popp’s rotary motor that may 
not probably be possessed by many other rotary mo- 
tors; the larger motors are simply good ordinary steam 
engines such as can be bought any —_ in open mar- 
ket, used without the slightest alteration. 

Of the fan meter it can only be said that it works 
well enough to allow progress to be made while it is 
being improved, and even of the coke stove one would 
not like to say very inuch more. 

The plan of heating compressed air before using 
it in a motor was first proposed many years ago. The 
great success which has attended the work in Paris has 
been attained because its directors have wisely chosen 
rather to set to work with imperfect apparatus, if 
only it were simple, fairly effective, and ready to hand, 
than to wait for the possible invention of novelties 
and improvements, or to risk the success of their start 
by the use of any unknown or untried apparatus, how- 
ever prowmisiog its nature. They had, moreover, the 
great advantage hitherto of being always asked for 
more air than they could supply, so that their works 
have grown and increased simply to meet a growing 
and increasing demand, and (fortunately, perhaps) the 
urgency of the demand has left them no alternative 
but to meet it by the very simplest possible means. 

I have already mentioned the great convenience and 
handiness which a compressed air wotor possesses. 
From the engineer's point of view these qualities are 
most striking. The engine starts, for instance, with- 
out the least hesitation even with full brake load on, 
directly the valve is opened, if the crank is just past 
the center. This, of course, is impossible with a gas 
engine, and hardly less impossible with any ordinary 
(single-cylinder) steam engine. 

The absence of the heat and leakage, and of the 
noise and swell, which so often in greater or less de- 
gree accompany the smaller steam or gas motors, con- 
stitute a very much larger difference than could at 
first be thought possible. But from the consumer's 
point of view the advantages are even greater than 
from the engineer’s. There is, first of all, the complete 
absence of danger and of nuisance of every kind. There 
is then the great saving of space, even as compared 
with a gas engine, and much more as compared witha 
steam engine and boiler. There is reduction of insur- 
ance on account of the entire absence of fire risk. Not 
only this, but the air motor seems to we completely to 
supply that most important industrial want, a motor 
suitable for “ sinall industries,” that is, for work car- 
ried on in workmen’s own houses or in very small 
workshops. For here it is not only mechanically most 
suitable, but in the nature of things it can be made to 
cool or ventilate. by its exhaust, to any desired extent. 
The sanitary advantage of this, in cases where work is 
carried on in confined spaces, can hardly be exagger- 
ated. 

Even in a very large printing office in Paris I found 
an almost unbearable atmosphere made quite pleasant 
as long as the motor was working, by allowing a por- 
tion of the exhaust to come into the rooun. 

By using air direct from the mains in the motor, or 
by heating it only very slightly, the exhaust air can 
be, of course, so greatly reduced in temperature as to 
be available for freezing purposes. 

In one Paris restaurant, for instance, which I visit- 
ed, I found that the exhaust was carried through a 
brick flue into the beer cellar. In this fine the carafes 
were set to freeze, and large moulds of block ice were 


also being made for table use, while the air was 
still cold enough in passing away through the beer 
cellar to render the use of ice for cooling quite an- 
necessary, even in the hottest weather. 

The nominal function of the engine in this case was 
the charging of batteries used in the electric lighting 
of the restaurant. The conjoint use of power and cold 
is common in Paris, the power being in this case gen- 
erally applied in electric lighting. . 

While in any large city, such as Paris, it is no doubt 
a great point that by a cowpressed air system the 
handiest possible cooling appliances can be brought 
everywhere within reach, in tropical climates this is 
something rather of necessity than of luxury. Insuch 
cases we wight have the apparent paradox of a motor 








worked essentially for its exhaust; the work done 
would be a by-product, the cold air would be the 


In such a case, if taere were no useful work to be 
done, the motor could even be made (as has been sug- 


thus virtually to about halve its air consumption. This 
possibility of ‘laying on” cold air in hot climates is, 
of course, a most important matter in connection with 
the future of compressed air. 


TABLE. 


Summary of Efficiencies of Compressed Air Trans- 
mission at Paris, 1889, between the Central Station 
at St. Fargeau and a 10 Horse Power Motor working 
with Pressure reduced to 444 Atmospheres. 


(The figures below correspond to mean results of two experiments cold 
and two heated.) 


1 indicated horse power at central station gives 0845 Efficiency of main 
indicated horse power in compressors, and corre- engines 0°845. 
eponds to the compression of 348 cubic feet of 
air per hour from atmospheric pressure to 6 at- 
moepheres absolute. (The weight of this air is 

about 25 1b.) 


0845 indicated horse power in compressors delivers Efficiency of com- 
as much air as will do 0°52 indicated horse power ve 
in adiabatic expansion after it has fallen in tem- pe ee, & 

perature to the normal temperature of the mains. 9g), 


The fall of pressure in mains between central Efficiency of rou | 


station and Paris (say 5 kilometers) reduces mission through 
the possibility of work from 0°52 to 051 indi- 7 O51 
cated horse power. moins OR =0 98 


The further fall of pressure through the reducing Efficiency of reduc- 
valve to 444 atmospheres (544 atmospheres abso- . 
lute) redaces the possibility of work from 0°51 
to 00. 0°98. 


ing valve O81 = 


The combined efficiency of the mains and reducing valve, 
between 5 and 444 atmospheres, is thus 0°98 x 0°98 = 0°96, 
If the reduction had been to 4, ‘+ or 3 atmospheres, the 
corresponding efficiencies would have been 0°98, 0°89, and 
0°85 respectively. 


Incomplete expansion, wire drawing, and other Indicated efficiency 


euch causes uce the actual indicated horse of motor 
power of the motor from 0°50 to 0°39. : 
0 78. 
Indicated efficiency 


of whole process 
with cold air 0°39. 


By heating the air before it enters the motor to Apparent indicated 

about 320° Fahbr., the actnal indicated horse _ efficiency of whole 
ower at the motor is, however, increased to0°4. process with heat- 

he ratio of gain by heating the air is, therefore, ed air, 0°54. 

O'54 _ 1-98 
0 39 _— 

In this process additional heat is supplied by the Real indicated effi- 
combustion of about 0°39 Ib. coke per indicated ciency of v hole 
horse power per hour, and if thie be taken into process with heat- 
account the real indicated efficiency of the whole ed air, 0°47. 
process becomes 0°47 instead of 0'4. 


Working with cold air the work spent in driving Mechanical  effici- 
the motor itself reduces the available horse power ency of motor, 
from 0°39 to 0°26. cold, 0°67. 


Working with heated air the work spent ip driving Mechanical  effici- 
the motor itself uces the available horse power ency of motor, 
from 0°54 to 0°44. hot, 0°81. 


In conclusion, I have to express my thanks to M. 
Victor Popp and to the directors and officials of the 
Paris Compressed Air Company for not only giving me 
porneedian, to wake the experiments of whieh I have 
aid some results before you, but also for taking much 
trouble to afford me every facility for making a tho- 
roagh investigation of the matter upon the lines which 
I had myself laid down as those along which I pro- 

to work. 

I think it is not too much tosay that, as the result 
of this, I have had the good fortune to be able to wake 
a more detailed and complete evaluation of all the effi- 
ciencies which together make (or war) the efficiency of 
a complete transmission system than has ever been 
wade before. I shall be very glad if my experiments 
ey in any way useful to those who in future way 

ave to do with the carrying out of power transwis- 
sion by compressed air in this country or elsewhere, 





ON THE HARDENING “AND TEMPERING OF 
STEEL.* 
By Professor W. C. ROBERTS-AUSTEN, F.R.S. 


THE fact that the British Association meets this year 
at Newcastle no doubt suggested to the council that it 
would be well to provide, for the first time since 1848, a 
lecture on a metallurgical subject. In that year a dis- 
course was delivered at Swansea by Dr. Percy, one of 
the most learned metallurgists of our time, who has re- 
sour passed away, after having almost created an 
English literature of metallurgy, by the publication of 
his well-known treatises, without which it would have 
been comparatively barren. It was to him that the 
country turned in 1851, when it became evident that 
our metallurgists must receive scientific training. 

It seemed to me that ‘the hardening and tempering 
of steel” was, on the whole, the most important sub- 
ject I could choose, —s because it will enable a large 
number of people who are engaged in industrial work, 
and who are not expected to think about it in a scien- 
tific way, to know how such facts as we shall have to 
consider have been dealt with by scientific investiga- 
tors, while those of our members who do not consider 
that their thoughts or work are scientific in its strictest 
sense ay perhaps be interested to see how absolutely 
industrial progress depends upon the advancement of 
science. 

The treatment of iron in its several forms is the thing 
that we as a nation do well. If it betrue that national 
virtues are manifestly expressed in the industrial art of 
a people, we may recall the sentence in Mr. Ruskin's 
‘Crown of Wild Olive” in which he says, ** You have 
at present in England only one art of any consequence, 
that is iron working,” adding, with reference to the 
manufacture of armor plate, ‘‘ Do you think on those 
iron plates yourcourage and endurance are not written 
forever, not merely with an iron pen, but on iron parch- 
ment ?” 

In 1863 Lord Armstrong, in his address as president of 
this Association, expressed the hope that *‘ when the 
time again comes round to receive the British Associa- 
tion in this town, its members will find the interval to 
have been as fruitful as the corresponding period,” 
since the previous meeting in 1838, “on which they 
were then looking back.” In one way at least this 
hope has been realized, for the efforts of the last twenty 
years have resulted in the development of an ‘“‘age of 
steel.” When the Association last met here, steel was 
still an expensive material, although Bessemer had, 
seven years before, communicated his great invention 
to the world through the British Association, at its 
Cheltenham meeting. 

The great future in store for Siemens’ regenerative 
furnace, which plays so important a part in the manu- 
facture of steel, was confidently predicted in his presi- 





Most of the compressed air in Paris is used for driv- 
ing motors, but the work done by these is of the most | 
varied kind. A list which I have gives the locality, 
use, and power of 225 installations, nearly all motors 
working at from 14 horse power to 50 horse power, all | 
driven from St. Fargeau, and the great majority of, 
them more than two miles away from it. | 

In a number of cases (as at the Eden Theater, Thea- | 
ter des Varietes, office of the Petit Journal, etc.) the 
motor drives dynamo machines for electric lighting. 
In the offices of the Figaro and Petit Journal large 
wotors are used for printing, and there are many small 
printing establishments also worked by compressed 
air. Among the smaller industrial purposes for which 
the air motors are used in Paris, I find the driving of 
lathes for metal and wood, of circular saws, shearing 
machines, drills, polishing machines, and wany others. 
They are used also in the workshops of carpenters, 
joiners and cabinet makers, of smiths, of umbrella 
makers, of collar makers, of bookbinders, and naturally 
ina great many places where sewing machines are 
used, both by dressmakers, tailors, and shoemakers, 
and from the smallest to the largest scale. They find 
application also in all sorts of industrial work, with 
confectioners, coffee roasters, color grinders, billiard 
ball makers, in many departments of textile influstry 
and other matters too numerous to mention. 

“I may mention one particular instance of variety of 
application which interested me much. At the ‘ Mon- 
tagnes Russes” I found a large horizontal engine 
placed in a recess driving a dynamo and cells for the 
electric lighting of the whole building ; a swall vertical 
engine in another place worked the rotary pump 
which actuated the ‘cascade ;’ two or three large 
air-driven fans in wooden shafts served for ventila- 
tion ; and lastly, a simple connection on a flexible pipe 
threw the air pressure into the beer barrels as they 
were brought in, and transferred their contents to a 
height from which they could afterward descend by 
gravity to the place where they were required. 

As to the rate at which the compressed air is sold, I 
believe that in most of the larger installations the work 
is done by contract (at so much per lamp hour in the 
case of the electric lighting), but in the smaller ones 
the air is charged for by meter. The rate of charge is 
1°5 centimes per cubic meter for air used in motors 
and 2 centimes cubic meter for air used directly. Air 
used for raising fluids is charged according to quan- 
tity raised. The former rate is equivalent to 4°25d. per 
1,000 cubic feet (the volume in all cases being meas- 
ured at atmospheric pressure). 

In addition to this a fixed charge of from 100 to 250 


| develop the use of steel of all kinds. 
| see, is modified iron. 





franes is made for pi and connections, and a small 
rent for the motor, if it be not bought outright. 





dential address by Lord Armstrong, than whom no one 
was better able to judge, for no one has done more to 
Steel, we shall 
The name iron is, in fact, a com- 
prehensive one, for the mechanical behavior of the 
nmietal is so singularly changed by. influences acting 
from within and without its mass as to lead many to 
think, with Paracelsus, that iron and steel wust be 
two distinct metals, their properities being so different. 
Pure iron way be prepared in a form pliable and soft 
as copper ; steelcan readily be made sufficiently hard 
to cut glass, and notwithstanding this extraordinary 
variance in the physical properties of iron and certain 
kinds of steel, the chemical difference between thew is 
comparatively very small, and would hardly secure at- 
tention if it were not for the importance of the results 
to which it gives rise. 

We have to consider the nature of the transforma- 
tions which iron can sustain, and to see how it differs 
from steel, of which an old writer has said, ‘Its most 
useful and advantageous property is that of becoming 
extremely hard when ignited and plunged in cold water, 
the hardness produced being greater in proportion 
as the steel is hotter and the water is colder, The 
colors which appear on the surface of steel slowly 
treated direct the artist in tempering or reducing 
the hardness of steel to any determinate standard.” 
There is still so much confusion between the words 
“temper,” “tempering,” and ‘ hardening,” is the 
writings of even very eminent authorities, that it 
is well to keep these old definitions carefully in 
mind. I shall employ the word tempering in the 
sense of softening, as Falstaff uses it when he says 
of Shallow, ‘‘I have him oe | tempering between 
my finger and my thumb, and shortly will I seal with 
him ;” softening, that is, as brittle wax does by the 
application of gentle heat. Hardening, then, is the re- 
sult of rapidly cooling a strongly heated mass of steel. 
Tempering consists in reheating the hardened steel to 
a temperature far short of that to which it was raised 
before hardening ; this heating may or may not be fol- 
lowed by rapid cooling. Annealing consists in heating 
the mass to a temperature higher than that used for 
tempering, and allowing it to cool slowly. 

First let the prominent facts be demonstrated experi- 
mentally : Three sword blades of identical quality 
made by an eminent swordsmith, Mr. Wilkinson, were 
taken. It was shown by bending one that it was soft ; 
this was heated to redness and plunged in cold water, 
when it became so hard that it broke on the attempt 
to bend it. Another was bent into a bow, the are of 
which was four inches shorter than the sword itself, 4 

* Abstract of a lecture delivered on September 13 before the members of 
the British Association, Newcastle, 1889. 
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common test for “temper,” and it sprang back to a 
straight line when the bending force was removed ; this 
had been tempered. A third, which had been soften- 
ed by 1 cooled slowly, bent easily and remained 
distorted. 

The metal has been singularly altered in its a 
ties by comparatively simple treatment, and all these 
changes, it must be remembered, have been produced 
in asolid metal to which nothing has been added and 
from which nothing material has been taken. The 
operation of hardening steel which I have just conduct- 
ed is practiced daily in thousands of workshops, and 
the details of the process are so well known that it may, 
at first sight, seem unnecessary to devote a lecture to 
the subject. The theory of the operation has been la- 
boriously built up, and its consideration introduces 
many questions of great interest both in the history of 
science and in our knowledge of molecular physics. 

Now for the history of the subject. The knowledge 
that steel might be hardened must have come to us 
from remote antiquity. Copper hardened with tin was 
its only predecessor, and it continued to be used ver 
long after it was known that steel might be hardened. 
It would, moreover, appear that a desire to appreciate 
the difficulties of a people to whom cutting instruments 
of hard steel were unknown seems to have induced ex- 
perimenters in quite recent times to fashion implements 
of bronze, and a trustworthy authority tells us that 
* Sir Francis Chantry formed an alloy containing about 
16 parts of copper, 244 of zinc, and 244 of tin, of which 
he had a razor made, and I believe even shaved with 


it. 

The Greek alchemical MSS. which have been so care- 
fully examined by M. Bertholet give various receipts 
from which it is evident that in the early days the na- 
ture of the — fluid was considered to be all- 
important. here were certain rivers, the waters of 
which were supposed to be specially efficacious. Pliny, 
who says that the difference between the waters of va- 
rious rivers can be recognized by workers in steel, also 
knew that oil might be used with advantage for hard- 
ening certain varieties of the metal. It is sad to think 
how many of the old receipts for hardening and tem- 
pering have been lost. 

What would we not give, for instance, for the records 
of the Gallic prototype of our Iron and Steél Institute. 
the Collegium fabrorum ferrariorum, a similar guild, 
formed in the time of the Roman republic for the ad- 
vancement of knowledge, for the good of the state, and 
not for that of its individual members? The belief, 
however, in the efficacy of carious nostrums and solu- 
tions for hardening steel could hardly have been firmer 
in the third century B.C. than in the sixteenth of our 
era. Shakespeare suggests that Othello’s sword had 
been hardened in a cold stream, for he says that it had 
“the ice brook’s temper ;” but cold water was far too 
simple a material for many asixteenth century artificer 
to employ, as is shown by the quaint receipts contained 
in one of the earliest books of trade secrets, which, by 
its title, showed the existence of the belief that the 
“right use of alchemy” was to bring chemical know- 
ledge to bear upon industry. 

The earliest edition was published in 1531, and the 
first English translation in 1583, from which the follow- 
ing extracts may be of interest: ‘‘ Take snayles, and 
first draw water of a red die of which water being taken 
in the two first monthes of harvest when it raynes,” 
boil it with the snails, ‘‘then take your iron red hot 
and quench it therein and it shall be hard as steell.” 
“Ye may do the like with the blood of a man of xxx 
years of age and of a sanguine complexion, being of a 
merry nature and pleasant . . distilled in the 
middst of May.” his may seem trivial enough, but 
the belief in the efficacy of such solutions survived into 
the present century, for I find in a work published in 
189 that the artist is prettily directed to take the root 
of blue lilies, infuse it in wine and quench the steel in 
it, and the steel will be very hard ; on the other hand, 
he is told that if he “takes the juice or water of com- 
mon beans aud quenches iron or steel in it, it will be 
soft as lead.” 

Iam ataloss to explain the confusion which has 
arisen from this source. I have dwelt so long on these 
points in order to bring out clearly the fact that the 
early workers attached great importance to the nature 
of the fluid in which hot steel was quenched, and they 
were right, though their theories may have been wrong. 
The degree of rapidity with which ber is abstracted 
from the steel during the operation of hardening is as 
important at the present day as it ever was. Roughly 
speaking, if steel has to be made glass hard, ice vold 
water, brine, or mercury is used ; if it has only to be 
made stightly hard, hot water or oil may be employed. 
while, as Thomas Gill suggested in 1818, both ‘‘ hard- 
ening” and “‘ tempering” may be united in a single 
operation by plunging the hot metal in a bath of molt- 
en lead or other suitable metal, which will, of course, 
abstract the heat more slowly. 

We must now trace the development of theories re- 
lating to the internal constitution of steel. It seems 
as if the whole history of chemical science was epitomiz- 
ed in the history of our knowledge of the nature of 
steel. The old “sulphur and salt” view of the compo- 
sition of bodies was most ingeniously applied to steel by 
Reaumur in 1722, who considered that hardened steel 
Owes its rigidity to the driving out of sulphars and salts 
from the molecules of iron into the interstitial spaces 
between them, the molecules becoming firmly fixed by 
the rapid cooling of the mass; on the other hand, in 
tempered steel, the sulphursand salts had time, during 
the slow reheating, to re-enter the molecules, the mass 
thereby becoming comparatively soft. The believers 
in phlogiston thought that steel merely differed from 
iron by containing more phlogiston, but Torbern Berg- 
man, in 1781, the great professor of Upsala, himself a 
firm believer in phlogiston, showed that steel merely 
differs from iron by containing a few tenths per cent. 
of carbon ; he unfortunately confounded the Eieans 
or graphite he had isolated from steel with phlogiston, 
and the defense of his view brought down the entire 
strength of the French school and elicited a reply from 
Taissier himself. This was almost the last resolute 
Phlogistie fight. 

Black, not unnaturally, thought that the hardening 
of steel was due to the “‘ evolution of latent heat,” the 
abatement of the hardening by tempering being 
due, he says, to ‘‘the restoration of a portion of this 


step was madein France. It was considered necessary 
to establish the fact that carbon gives steel its charac- 
teristic properties, and with this object in view Clouet, 
in 1798, melted together pure iron and a diamond. His 
experiments were repeated by many observers, but the 
results were open to doubt from the fact that furnace 
gases could always obtain access to the iron, and might, 
as well as the diawond, have yielded carbon to the iron. 
The question was, however, solved in this country in 
1815 by a working cutler, M. Pepys, who heated iron 
wire and diamond dust together and obtained steel, 
the heat being afforded by a powerful electric battery. 
I ain anxious to make this absorption of carbon in the 
diamond form clear by experiment. Do not think for 
a moment that the steel owes its hardness to the pas- 
sage of diamond into’the iron as diamond. I have re- 
peated Pepys’ experiment exactly, and the result is 
shown in a diagram. 

Hempel has shown that in an atmosphere of nit n, 
iron appears to assimilate the diamond form of carbon 
more readily than either the graphitic or the amor- 
phous forms, but directly carbon is associated with 
molten iron it behaves like the protean element it is, 
and the state which this carbon assumes is influenced 
by the rate of cooling of the molten mass, or even by 
the thermal treatment to which the solidified mass is 
subjected. Let me repeat, all are familiar with carbon 
in the distinct forms of diamond, graphite, and soot— 
all are alikecarbon. It need not be considered strange, 
then, that carbon should be capable of being present 
in intimate association with iron, but in very varied 
forms. 

Now the modeof existence of carbon in soft annealed 
steel is very different from thatin which it occurs in 
hard steel. I believe that Karsten was the first to iso- 
late, in 1827, from soft steel a true compound of iron 
and carbon. Berthier also separated from soft steel a 
carbide of iron to which he assigned the formula FeC ; 
but to attempt to trace the history of the work in this 
direction would demand aun entire lecture. I will only 
add that within the last few years Sir F. Abel has 
given much experimental evidence in favor of the ex- 
istence in soft cold-rolled steel of a carbide, Fe,C, which 
he isolated by the slow solvent action of a chromic 
acid solution. His work has been generally accepted 
as conclusive, and has been the starting point of much 
that has followed. 

It will oceur to you that the microscope should re- 
veal wide differences between the structure of the vari- 
ous kinds of iron and steel, and I am happy to be able 
to give you enlarged diagrams made from the draw- 
ings of Mr. Sorby, the eminent microscopist, which 
illustrated his very delicate investigations into the 
structure of steel. 

The point lam mainly concerned with is the exist- 
ence of a substance which Sorby called the “ pearly 
constituent ” in soft steel. This pearly constituent is 
the carbide of iron, Fe,C, of Abel. 

Now we may fairly ask, does the existence of carbon 
in iron in these two different states of carbide or com- 
bined carbon and dissolved or hardening carbon suffi- 
ciently explain the main facts of hardening and tem- 
pering? It does not. _ It is possible to obtain by rapid 
cooling from a certain temperature steel which is per- 
fectly soft, although analysis proves that the carbon is 
present in the form which we have recognized as hard- 
ening carbon. No doubt in the hardening of steel the 
carbon changes its mode of existence, but we must seek 
some other theory to explain all the facts, and in order 
to do this, we will turn tothe behavior of the iron itself. 

It is universally accepted that metals, like all the 
elements, are composed of atoms of definite weights 
and volumes grouped in molecules. In order actually to 
transmute one metal into another it would be necessary 
to discover a method of attacking, not the molecule, 
but the atom, and changing it, and this, so far as it is 
known, has not yet been done, but it is possible, by in- 
fluences which often appear to be very slight, to change 
the relations of the molecules to each other, and to 
alter the arrangements of distribution of the atoms 
within the molecules, and by varying in this sense 
the molecular arrangement of certain elements, they 
may be mwnade to pass into states which are very dif- 
ferent from those in which we ordinarily know them. 
Carbon, for instance, when free, or when associated 
with iron, may readily be changed from its diamond 
form to the graphitic state, though the converse 
change has not as yet been effected. 

ney ee again, with which you are familiar as a 
hard brittle yellow solid, may be prepared and wain- 
tained for a little time in the form of a brown viscous 
mass, but the latter form of sulphur soon passes spon- 
taneously and slowly at the ordinary temperature, and 
instantaneously at 100 deg., to the solid octahedral 
yellow modification with evolution of heat. The vis- 
cous form of sulphur isan allotropic modification of 
sulphur. : A few cases of allotropy in metals have al- 
ready been established, and when they do occur they 
give rise to problems of vast industrial importance. 
Such molecular changes in metals are usually produced 
by the addition of a small quantity of foreign mat- 
ter, and I have elsewhere tried to show that the mole-; 
cular change produced by the action of traces upon 
masses is a widespread principle of nature, and one 
which was recognized at the dawn of the science of 
chemistry even in the seventh century, but distorted 
explanations were given of well known facts, and gave 
rise to entirely false hopes. But it is the same story 
now as in medieval times ; the single grain of powder 
which Raymond Sully said would transmute millions 
of its weight of lead into gold; the single grain of 
stone that Solomon Trismosin thought would secure 
perpetual youth, had their analogues in the small 
amount of plumbago which, to Bergman’s astonish- 
ment, in the eighteenth century, converted iron into 
steel. By this time it was recognized that the right 
use of a agg | consisted in the application of its 
methods to industry, and we still wonder at the min- 
uteness of the quantity of certain elements which can 
profoundly affect the properties of metal. 

In attempting to illustrate this part of the subject, I 
cannot take the most striking cases, as it is difficult to 
demonstrate them in the time at my disposal. The 
following experiment, which does not, however, de- 
pend upon the action of a trace upon a mass, will en- 
able me to lead up to the point I wish to insist upon. 
It consists in the release of gold from its alloy with 
potassium. When the alloy is treated with water, the 


I have chosen this experiment because it was a 
similar one that first roused suspicion that pure iron 
could exist in wore than one form. 

So far as I have been able to ascertain, Joule supplied 
the first link in the chain of evidence. He showed, in 
a one communicated to the British Association in 
1850, that iron released from its amalgam with mercury. 
by distilling away the mercury, is chemically active, 
and will take fire in air, and he claimed that it was a 
distinct form of iron, but he did more; he suggested 
that a thermo-electric method would enable the differ- 
ence between soft and hardened steel to be studied,and, 
as I shall yo to show, his view has been abundantly 

ustified. The next step was made in Russia 1868, by 

hernoff, who has found an admirable exponent to 
English readers in Mr. W. Anderson, president of sec- 
tion G. Chernoff showed that steel could not be hard- 
ened by rapid cooling until it had been heated to a de- 
finite temperature, to a degree of redness which he 
called a. Then in 1873 Professor Tait used this expres- 
sicn in a Rede lecture at Cambridge: ‘‘ It seems as if 
iron becomes as it were a different metal on being 
raised above a certain temperature. This may possibly 
have some connection with the ferricum and ferrosum 
of the chemist.” At about fhis time those specially in- 
terested in this question remembered that Gore had 
shown that a curious molecular change could be pro- 
duced by heating an iron wire. rrett repeated 
Gore’s experiment, and discovered that as an iron wire 
cools down it suddenly glows, a phenomenon to which 
he gave the name 2f recalescence. In 1879 Wrightson 
called attention to the abormal expansion of carbur- 
ized iron at high temperatures ; and finally, within the 
last few years, Piouchon showed that at a temperature 
of 700 deg., the specific heat of iron is altogether ex- 
ceptionnl, and Le Chatelier has detected that at 700 
deg. a change occurs in the curve representing the 
electromotive force of iron, both experimenters con- 
cluding that they had obtained evidence of the pas- 
sage of iron into an allotropic state. 

Osmond, in France, then made the observations of 
Gore and Barrett the starting point of a fresh inquiry, 
bearing in mind the fact that molecular change in a 
body is always accompanied with evolution or absorp- 
tion of heat, which is the surest indication of the oc- 
currence of molecular change ; he studied with the aid 
of a chronograph the cooling of masses of iron or steel, 
using as a thermometer to measure the temperature of 
the cooling mass a thermo-electric couple such as we 
have here of platinum, containing 10 per cent, of 
rhodium, converting the indications of the galvano- 
meter into temperatures by Tait’s formule. 

Norr.—It is impossible to describe this portion of 
the lecture without the aid of the illustrative diagrams, 
curves, and experiments. Professor Austen dwelt 
specially on the researches of Osmond, to which he 
said he attached great importance, as he considered 
that Osmond had given strong experimental evidence 
in favor of the view that iron can exist in two distinct 
molecular states. The argument was presented in the 
following eo 

Now, it may be urged, evidently the presence of car- 
bon has an influence on the cooling of steel when left 
to itself. May it not affect molecular behavior during 
the rapid cooling which is essential to the operation 
of hardening? We know that the carbon, during 
rapid cooling, passes from the state in which it is com- 
bined with the iron into a state in which it is dissolved 
in the iron ; we also know that during slow cooling 
this dissolved carbon can re-enter into combination 
with the iron, so as to assume the form in which it 
occurs in soft steel. Osmond claims that this second 
arrestation in the fall of the thermometer corresponds 
to the recalescence of Barrett, and is caused by the re- 
heating of the wire by the heat evolved when carbon 
leaves its state of solution and truly combines with the 
iron. 

If it is ho to harden steel, it must clearly be 
rapidly cooled before this combination of carbon and 
iron has taken place, or it will be too late to keep the 
carbon as hardening carbon. Osmond argues thus: 
There are two kinds of iron, the atoms of which are 
respectively arranged in the molecules so as to consti- 
tute hard and soft iron, quite apart from the presence 
or absence of carbon. In red hot iron the mass may 
be soft, but the molecules are hard. Let us call this 4 
iron ; cool such red hot pure iron, whether quickly or 
slowly, and it becomes soft ; it passes to the @ soft 
modification. There is nothing to prevent it doing ao. 
It appears, however, that if carbon is present and the 
metal be rapidly cooled the following result is obtained. 
A certain proportion of the molecules are retained in 
the form in which they existed at a high temperature, 
the hard form, the f modification, and hard steel is the 
result. This wolecular change from # iron to a iron 
during the slow cooling of a mass of iron or steel is, 
according to Osmond’s theory, indicated by the first 
break in the curve, representing the slow cooling of 
iron, as is proved by the fact that it occurs alone in 
electro-iron, A second break, usually one of much 
longer duration, marks the point at which carbon 
itself changes from the dissolved or hardening carbon 
to the cowbined carbide carbon. It follows that if 
steel be quickly cooled after the change from f to a 
has taken place, but before the carbon has altered its 
state, that is before the change indicated by the second 
break in the curve has been reached, then the iron 
should be soft, but the carbon, hardening carbon, and 
as such the action of a solvent should show that it 
cannot be released from iron in the black carbide form. 
This proves to be the case, and affords strong inciden- 
tal proof of the correctness of the view that two modi- 
fications of iron can exist. I am anxious to show you 
an experiment which will help to illustrate the exist- 
ence of molecular change in iron. 

Here isa bar of steel containing much carbon. In 
such a variety of steel, the molecular change of the 
iron itself, and the change in the relations between 
the carbon and the iron, would occur at nearly the 
same moment. It is now being heated to redness, but 
if you will look at this diagram, you will be prepared 
for what I soe oe to see in the actual experiment. 
One end of the hot bar is firmly fixed, a weight not 
sufficient to bend it is slung to the free end, which is 
lengthened by the addition of a reed to magnify any 
motion that may take place. Now remember that as 
the bar will be red hot it ought to be at its softest, 
you would think, when it is freshly withdrawn from 








heat.” Black failed to see that Bergman, by proving 
that carbon was the element which averted iron into 
steel, had entirely changed the situation. The next 


gold comes down in a finely divided, dark brown, 
chemically active state. 





the furnace, and if the weight was ever to have power 
to bend it, it would be then, but, in spite of the rapid- 
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ity with which such a thin bar cools down in the air 
and becomes rigid, points of molecular weakness come 
when the iron changes from 4 to a, and the carbon 
passes from hardening carbon to carbide carbon, At 
that moment, at a temperature much below that at 
which it is withdrawn from the furnace, the bar will 
begin to bend. It has been found experimentally that 
this is the point at which, according to Osmond’s the- 
ory, molecular change takes place, Mr. Coffin takes 
advantage of this fact to straighten distorted steel 
axles, 

The question now arises, what is the effect of the 

resence of other metals in steel, of which much has 

m heard recently? 1. Manganese. This metal en- 
ables steel to harden very energetically, as is very well 
known, If much of it be present, 12 to 20 per cent., in 
iron, no break whatever is observed in the curve which 
represents slow cooling. That is, the iron never shows 
such a change as that which occurs in other cooling 
masses of iron. Then you will say such a material 
should be hard, however it is cooled. Soitis. There 
is one other important point of evidence as to molecu- 
lar change connected with the addition of manganese 
to submit to you. Red hot ironis not magnetic, Hop- 
kinson has shown that the temperature of recalescence 
is that at which iron ceases to be magnetic. It may 
be urged that iron cannot, therefore, be magnetized. 
Steel containing much manganese cannot be magnet- 
ized, and it is therefore fair to assume that the iron pre- 
sent isin the 4 form. Hadfield has given metallurgists 
wonderfal alloys of iron and manganese in proportions 
varying from 7 to 20 per cent. of manganese. 

This core of iron round which a current is ing 
attracts the sphere of iron, but if nothing is changed 
exeept by replacing the core of iron with a core of 
Hadfield’s steel, it is impossible to make a magnet 
of it. 

Professor Ewing, who has specially worked on this 
subject, concludes that “no magnetizing force to which 
the metal is likely to be subjected in any of its practi- 
cal applications would produce more than the most 
infinitesimal degree of magnetization ” in this uraterial. 
It has been seen that quantities of manganese above 7 
per cent. appear to prevent the passage of / iron into 
the aform. In smaller quantities manganese seems 
merely to retard the conversion and to bring the two 
loops of the diagram nearer together. Time will not 
permit me to deal with the effeet of other elements 
on steel. I will only add that tungsten possesses the 
same property as manganese, but ina more marked 
degree. 

Chromium has exactly the reverse effect, as it ena- 
bles the change of hard } iron to @ soft iron to take 
place at a higher temperature than would otherwise 
be the case, and this may explain the extreme hard- 
ness of chromium steels when hardened in the same 
way as ordinary steels. 

[Norg.—The researches of Chernoff and of Brinell 
were here dealt with, and special care was devoted to 
the influence of oil hardening on large masses of steel. 
This portion of the lecture does not, however, admit 
of being abstracted without the illustrations. } 

Now, although wrought iron passes almost insensibly 
into steel, there can be no question that not merely the 
structural but the molecular aggregation of even steel 
containing only 02 per cent. of carbon is profoundly 
different from that of wrought iron. Formerly, as Sir 
F. Bramwell pointed out in a lecture delivered at the 
Royal Institution in 1877, by the year 1830 . . . . 
** from small beginnings in Staffordshire and at Birk- 
enhead sprang a wonderful wrought iron navy.” But 
steel was a luxury ; it was made in small portions, sold 
at high prices—as much as a shilling or eighteen pence 
a pound. It was employed for swords, cutlery, and 
tools, needles, and other purposes where the quan- 
tity used was but trifling, and where the importance of 
the superior material was such as to justify the large 
expenditure incurred. It was felt in those days that 
steel was worth paying for because it was trusted ; in- 
deed, its trustworthiness had passed into a proverb— 
**as true as steel.” 

The class of steel which was formerly employed as 
1 have just indicated, for weapons and tools, belonged 
to the highly carburized, reallly hardening class. It 
was the ‘mild steel,” containing but little carbon, 
which was destined to replace wrought iron, and when 
attempts were made to effect the general substitution of 
steel for iron, doubts to its characterand trustworthi- 
ness unfortunately soon arose, so that from about the 
year 1860 until 1877 steel was viewed with suspicion. We 
can now explain this. Doubts as tothe fidelity of steel, 
even when it was obtained free from entangled cinder, 
arose from ignorance of the fact that on either side of 
a comparatively narrow thermal boundary iron in steel 
can practically exist in two distinct modifications. The 
steel was true enough, but from the point of view of the 
special duties to be intrusted to it, its fidelity depended 
on which modification of iron had to be called to the 
front. Artificers attemped to forge steel after it had cool- 
ed down below the point a of Chernoff, at which recales- 
cence occurs, and they often attempted to work highly 
carbonized steel at temperatures which were not suffi- 
ciently low. 

Steels may be classified from the point of view of 
their industrial use according to the amount of carbon 
they contain, and I have attempted to arrange in this 
trophy certain typical articles grouped under certain 
definite percentages of carbon. Each class merges 
into the other, but the members at either end of the 
series vary very greatly. It would be impossible to 
make a razor which would cut of boiler plate, and 
conversely, a boiler plate made of razor steel would 
possibly fracture at once if it were superheated and 
subjected to any sudden pressure of steam. 

At the present day, instead of steel being manufac- 
tured ped used in small quantities, about 4,000,000 tons 
are annually employed in this country. Let us see 
how it is used. A steel fleet, the finest fleet in the 
world, has recently assembled at Spithead. The ma- 
terial of which it was made contained 0°15 to 0°2 per 
cent. of carbon, and when steel faces are used for the 
armor plates, the material contained 0°7 to0°8 per cent. 
of carbon. 

It has been pointed out that the crews of the fleet at 
Spithead number no less than 21,107 men. This, it has 
been shown, is a ‘‘ remarkable figure, considering the 
great economy in men which prevails in a modern navy 
as compared with the navy cf Nelson’s day. A hun- 
dred years ago the normal requirements of a fleet were 
one man toa little over four tons, but now, thanks to 





the part played by steel and hydraulic power, we re- 
quire buat one man to every seventeen tons. Thas it 
may roughly be said that an aggregate of 20,000 men 
at the present day corresponds to an aggregate of 
80,000 men in the days of Nelson.” The latest type of 
battle ship weighs, fully equipped, about 10,000 tons, 
there being about 3, tons of steel in the hull, apart 
from her armor, which, with its backing, will weigh a 
further 2,800 tons. 

From the use of steel in the royal navy and in the 
mercantile marine let us pass to its most notable use 
in construction. If the president of the French repub- 
lic was justified in appealing in a recent speech to the 
Eiffel tower as ‘a monument of audacity and science,” 
what are we to say of the Forth bridge, the wonders 
of which will be described by Mr. Baker on soot rie A 
By his kindness I am able to place in the position in 
the trophy justified by the carbon it contains, a plate 
from the Porth bridge, which fell from a height of 
some 350 ft., and, being of excellent quality, doubled 
itself on the rocks below. A single span of the Forth 
bridge is nearly as long as two Eiffel towers turned 
horizontally and tied together in the middle, and the 
whole forms a complicated steel structure weighing 
15,000 tons, erected without the possibility of any in- 
termediate support, the lace-like fabric of the.bridge 
soaring as high as the top of St. Paul’s. The steel of 
which the compression members of the structure are 
composed contains 0°23 eg cent. of carbon and 0°69 per 
cent. of manganese. The parts subjected to extension 
do not contain more than 0°19 per cent. of carbon. 

Time will not permit me to pass the members of each 
class in review. I can only touch upon very few. 
Steel for the manufacture of pens contains about 03 
per cent. of carbon, and 16 to 18 tons of steel are every 
week let loose on an unoffending world in the shape of 
steel pens. 

Steel rails contain from 0°3 to 0°4 per cent. of carbon, 
and in this class slight variations in the amount of 
carbon are of vital importance. An eminent authority, 
Mr. Sandberg, tells us that in certain climates a varia- 
tion of 0°1 per cent. in the amount of carbon may be 
very serious. The great benefit which has accrued to 
the country from the substitution of more durable 
steel rails for the old wrought iron ones may be 
gathered from the figures which Mr. Webb, of Crewe, 
has given me, which show that ‘‘the quantity of steel 
removed from the rails throughout the London and 
Northwestern system by wear and oxidation is about 
15 ewt. an hour, or 18 tons a day.” 

Gun steel contains 0 3 to 0°5 per cent. of carbon, and 
it may contain 0°8 PY cent. of manganese. It is in re- 
lation to gun steel that oil hardening becomes very 
important. The oil tank of the Saint Chamond works 
(on the Loire) is 72 ft. deep, and contains 44,000 gallons 
of oil, which is kept in circulation by rotary pumps, to 
prevent the oil being unduly heated locally when the 
heated mass of steel is plunged into it. 

Now with regard to projectiles. To quote some re- 
cent remarks of Lord Armstrong, “‘ The heaviest shot 
used in the Victory was 68 lb., while in the Victoria it 
will be 1,800 lb.; and while the broadside fire from the 
Victory consumed only 325 Ib. of wder, that from 
the Victoria will consume 3,000 Ib,” The most formida- 
ble projectiles belong to the highly carbonized class of 
pro 5 Shells contain 0°8 to 0°94 per cent. of carbon, 
and in addition some of these have 0°94 to 2 per cent. 
of chromium. The firm of Holtzer show in the Paris 
exhitition a shell which pierced a steel plate 10 inches 
thick and was found nearly 800 yards from the plate 
entire, and without flaw, its point alone being slightly 
distorted. Compound armor plate with steel face, 
which face contains 8 per cent. of carbon, is, however, 
more difficult to pierce than a simple plate of steel. 

Last I will refer to the highly carbonized steel used 
for the manufacture of dies. Such steel should con- 
tain 0°8 to 1 per cent. of carbon and no manganese. 
It is usual to water-harden and temper them toa straw 
color, and a really good die will strike 40,000 coins of 
average dimensions, without being fractured or de- 
formed, but I am safe in saying that if the steel con- 
tain 0°1 per cent. too much carbon, it would not strike 
100 pieces without cracking, and if it contained 0°2 per 
cent. too little carbon, it would probably be hopelessly 
distorted and its engraved surface destroyed in the 
attempt to strike a single coin. 

Faraday said, in 1822, ‘‘ It is not improbable that 
there may be other bodies besides charcoal capable of 
giving to iron the properties of steel.” The strange 
thing is that we do not know with any certainty 
whether, in the absence of carbon, other elements do 
<4 the part of that metalloid, in enabling iron to 

e hardened by rapid cooling. Take the case of chro- 
mium, for instance ; chromium-carbon steels can, as is 
well known, be energetically hardened, but Busek has 
recently asserted that the addition of chromium to 
iron in the absence of carbon does not enable the iron 
to be hardened +! rapid cooling. 

Every chemist here knows how much his science has 
gained, and what important discoveries have been 
made in it, by the recognition of the fact that the ele- 
ments act on each other in accordance with the great 
law of Mendeleef’s, which states that the properties of 
the elements are periodic functions of their atomic 
weights. I firmly believe that it will be shown that 
the relation betwe en small quantities of elements and 
the masses in which they are hidden is not at variance 
with the same law. I have elsewhere tried to show 
that this may be true, by examining the effect of small 
quantities of impurity on the tenacity of gold. 

In the case of iron, it is difficult to say what roperty 
of the metal will be most affected by the added matter. 
Possibly the direct connection with the periodic law 
will be traced by the effect of a given element in re- 
tarding or promoting the of ordinary iron to 
an allotropic state, but the future of steel will depend 
on the care with which we investigate the nature of 
the influence exerted by various elements on iron, and 
on the thermal treatment to which it may most suita- 
bly be subjected. 

Is it not strange that so many researches should have 
been devoted to the relations between carbon, hydro- 
gen, and oxygen. in organic compounds, so few to the 
relations of iron and carbon, and hardly any to iron in 
association with other elements? I think the reason 
for the comparative neglect of metals as subjects of re- 
search arises from the belief that methods which involve 
working at high temperatures are necessarily inac- 
curate, but the school of St. Claire Deville has shown 
that they are not, and there are signs among us that 





our traditional love for the study of metals is reviving. 
Of course it cannot be that chemists and physicists are 
afraid that “ science will be degraded by applied 
to any a of vulgar utility,” for 1 trust that I 
shall at least have shown that the empire over matter, 
and the true advancement of science, which I suppose 
is the object of all research, may be as certainly se- 
cured in the field of metallurgy as in any other. 








ELECTRIC WINDLASS AND CRANES AT THE 
PARIS EXHIBITION. 


On the east side of the central transept of the ma- 
chinery hall is a considerable collection of cranes, 
blocks, and systems of hoisting appliances, among 
which may be easily distinguished a large portable 
electric crane, for loads of 12 ewt., exhibited by the 
Compagnie des Entrepots et Magasins Generaux de 
Paris, and constructed for them by the firm of Mons. 
C. Guyenet, of Paris. 

A little further on is noticeable a large hand power 
fixed crane, constrncted by the same engineer, and em- 
ployed in the raising of the principals of the Eiffel 
tower. 

The maximum load lifted by this crane is three tons, 
and it is fitted with a special arrangement of slow- 
pitch screws for its elevation on the tower as the work 
proceeded. 

Views are here shown of a variety of forms of steam 
and electric cranes by the same contractor, and the 
details of the Roux, Combaluzier, and Lepape hy- 
draulic lifts to the first floor of the Eiffel tower, which 
were erected by the Guyenet firm in the east and west 
pillars. 

In adcition to this, an electric windlass and portable 
crane are exhibited in action in Class 62, situated in 
the central transept, for particuJars of which, together 
with photographs of the apparatus, we are indebted 
to Mons. Guyenet. 

The electric motors en are Gramme ma- 
chines, constructed by the Compagnie Electrique, 
current being supplied by a 5 horse power Gramme 
dynamo fixed in the adjoining exhibit of the company, 
and running off the main shafting. 

The portable crane—Fig. 3—has been more particu- 
larly designed for employment in grain, wool, and 
sugar warehouses, etc., where rapid stacking of bales 
is required ; a large use having been found for the ap- 
paratus, possessing, as it does, in many ways an ad- 





Fie. 1.—PORTABLE ELECTRIC WINDLASS. 


van over the ordinary labor method with ladders 
or inclined planks. Bales, as they arrive by the hoist 
to the required story in a building, are run on a trol- 
ley to the portable crane, by which they are picked 
up, slewed, and stacked at the rate of one hundred 2 
ewt. bales in twenty minutes, and when one stack is 
finished the crane is easily moved on further and 
another begun. 

We shall now describe the details of the mechanism 
of these apparatus, which appear to us to be of special 
interest and proved value. 

The portable electric windlass exhibited, which was 
brought out by this firm last year, is represented in 
Figs. 1,5, and 6. It is constructed to raise a load of 
83 cwt. at a maximum speed of 200 ft. per minute, and 
therefore exerts over 2 horse power effective. The 
motor fitted to the windlass is, however, capable of 
exerting 4 horse power, the speed being from 1,200 to 
1,500 revolutions. The mounting of the motor speed 
reducing and reversing gear is of special interest. In 
the first place the machine, as a whole, is mounted on 
a strong wrought iron trolley, which can be run along 
on rails, and the motor, which is a small Gramme ma- 
chine, is mounted on the trolley with its armature 
spindle parallel to the line of rails. The motor is not 
a fixture, but is cee pep by a central shaft, G’— 
Figs. 5 and 6—parailel to its own spindle, upon which 
its bed plate rests centrally, and about which, as an 
axial pivot, the whole motor can be inclined on either 
side of the vertical at will. 

We must, however, first describe the connection be- 
tween the motor shaft and winding drum, C. The 
drum is divided into two portions for the purpose of 
employing two hauling ropes wound in opposite direc- 
tions, but the whole drum is keyed to one central 
shaft, — to the motor shaft, and supported by 
wrought iron brackets or girders, bolted to the trolley, 
as shown. Keyed to the drum shaft are two fly wheels, 
E E'", about 4 ft. diameter, one at each end of the 
shaft, which are provided with internal grooves about 
4in, wide, presenting, therefore, two friction surfaces, 
F and F", to each fly wheel. 

These grooves will be noticed in the illustration on 
the | eae faces of the fly wheels, that is, facing in- 
ward. 

Referring again to the motor, it will be observed that 
the armature spindle is prolonged some little distance 
at each end beyond the plummer blocks, and to each 
end is keyed a small friction pulley about 3% in. dia- 
meter. ese friction pulleys, H and H', fit inside 
the internal friction grooves or crowns of the two fly 
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slight amount of play. 
It will, therefore, be 


while the motor runs continuously in one direction. 


The motor is rocked on either side of the vertical by 


FIC4 


wheels, between the two sides of which they have a 


seen that by rocking the motor 
about the central axis on which its bed plate rests, the 
small friction pulleys are pressed against one side or 
other of the fly wheel friction grooves, and the winding 
drum rotated in one direction or the other at will, | therefore causes it to return always to the horizontal 





According to the direction in which 8 is turned, one 
or other of the rollers at each end of the lever, W, is 
raised, the counterweight being, therefore, lifted in 
either case, and so the brake released from the wheel. 
It will also be seen that the counterweight, L, exerts a 
continual downward pressure on the lever, W, and 


| position on the release of the controlling lever, 8. This 
insures the automatic application of the brake, and 


rie 








PORTABLE ELECTRIC CRANES AND WINDLASS. 


means of the lever, 8, which, when moved to the right 
or left, turns round the shaft, P, running freely through 
the motor bed plate. 

At one end of this shaft—Fig. 6—the movement is 
transmitted to the spindle, J, by a link, T, and this 
spindle is connected on one side with the motor bed 
plate by the link, R. 

It follows, therefore, that whichever side the lever, 
8S, is moved, the motor is canted over the same way, 
and, therefore, by this lever the motor can be thrown 
into gear with the drum, so as to rotate the latter in 
either direction. 

In these apparatus it is an essential feature that a 
brake should be automatically applied when the ma- 
chine is not actually performing work. This isaccom- 
plished by the brake block, K—Fig. 5—fixed to one 
end of a horizontal lever pivoted at J, and carrying at 








Fie. 3.—PORTABLE ELECTRIC CRANE. 


its other end a counterpoise, L. The fulcrum of this 
lever is a sleeve on the spindle, J, and therefore does 
not turn with it. 

As seen by the diagram, the brake is applied when 
the lever, 8, is released, but on moving this lever to the 








the equilibrium of the motor when the machine is not 
in action. 

For employment in unloading and raising goods to 
the upper stories of warehouses M. Guyenet erects the 
windlass, as shown in Fig. 2. In this case it is more 
convenient to control the action from below, and, 
therefore, the hand lever is replaced by _ two levers, 
N N', diametrically opposite on the shaft, P, connected 
respectively to two cords, M M', which pass over pul- 
leys to the ground level. From below, therefore, or 
from any convenient height, the winch can be set in 
action in either direction. ‘he automatie brake acts, 
as before, immediately the cords are released. Two 
hauling lines are employed, so that one load can be 
— below while the other is being detached 
above. 

These lines, D D', pass over pulleys, and are wound 





respectively on each half of the drum in opposite direc- 
tions, 
These windlasses are extensively employed by the 
|Compagnie des Entrepots et Magasins de Paris, in 
grain and sugar warehouses, and for the unloading of 
barges at wharves. 

The portable electric crane—Fig.3—designed specially 
for stacking goods, consists of a framework, A, built 
of iron plate and angle iron to which the electric mo- 
tor is bolted, and upon which is pivoted a hollow ver- 
tical post, B, of channeliron. At the top are the two 
wings with their tie rods, one supporting the load and 
the other the counterweight. The whole is mounted 
on four wheels, whose bearings are attached by a fork 
to a vertical axis, so that the crane can be turned 
round sharp at right angles, or on itself when required. 
The crane is built specially of narrow dimensions, so 

| that it can readily through the pecmneee left be- 
tween the stacked bales—see Fig. 4. In doing so the 
wings at the top are slewed round in the direction of 











the passage, and can be lowered if necessary to pass 
under the joists of the building. The tie rods at the 
top are fixed respectively to opposite ends of a small 
lever, which can be turned by means of a long verti- 





A short length of countershaft is fitted to the frame, 
to which is keyed a la pulley, connected direct by 
belting to the motor pulley and a small flanged pulley, 
which runs by belting a large flanged pulley, F, on the 
winding drum shaft. By this weans the s of the 
motor is reduced about fifteen times. The belt con- 
necting the two flanged pulleys is normally slack, and 
only tightened when it is required to throw the motor 
into gear and lift a load. This is effected by the simple 
movement of pulling the cord, H, which wil! be seen in 
the figure to pass over a fixed pulley at the top, under 
a pulley attached to a lever arm below, and up to an 
anchorage on the frame. The lower part of this lever 
is a bell crank, on one arm of which is the counter- 
weight and cord pulley, and on the other a small 
flanged pulley standing opposite the slack belt. If now 
the controlling cord is pulled, the flanged bend on the 
lever is forced against the slack belt and tightens it 
into gear. Before this is sufficiently tightened, how- 
ever, to run the winding drum, the brake is, by the 
same action of the lever, removed. The brake blocks, 
G, are carried by alever pivoted on a spindle fixed to 
the frame immediately below the blocks, the longer 
arm being connected by a link to the center of the 
flanged pulley on the bell crank lever. The same 
movement therefore that tightens the belt and puts the 
motor into gear first lifts the brake blocks off the wind- 
ing drum pulley. Slewing is easily done by acord at- 
tached to the hook holding the load, as the whole of 
the upper part and vertical supporting post turns ona 
central pivot. The hauling _— passes from the bar- 
rel round a pulley attached to the frame below the post, 
up through the center of the post over a pulley at the 
top, and overa third pulley at the end of the crane 
wing. The work of stacking is therefore reduced to a 
very simple operation ; the cord, H, is pulled down- 
ward until the load is raised, and is then released to 
apply the brake. After slewing round, the load is low- 
ered into its position by pulling the same cord, this 
time sufficiently to remove the brake, but not to tighten 
the belt. Again, to obtain the full advantage of the 
crane, it is necessary that loads shoald be lifted asclose 
as possible to the pulley on the wing, and therefore 
that a minimum of space should be occupied by the 
lifting claws. This has been accomplished by a pairof 
claws specially designed, which take up no more room 
than the sack, and which grip automatically as soon as 
the lifting force is applied. 

The crane exhibited weighs in all one ton, and raises 
a load of 2 ewt. at 120 ft. per minute, with a 2 horse 
power motor running at 1, revolutions, 

There are several installations of these appliances in 
Paris, also at Roubaix, Havre, Tergnier, and Rouen, 
where they are in use in various warehouses for un- 
loading, hoisting, and stacking goods.—The Hngineer. 








IMPROVED STEAM HAMMER AT THE PARIS 
EXHIBITION. 

WE illustrate from Hngineering a novel type of 

steam hammer exhibited at Paris by Messrs. B. & 

8S. Massey, of Openshaw, Manchester. he chief inter- 

est lies in the frames and the base plate, which are 


3 





; 
— 


STEAM HAMMER AT THE PARIS EXHIBITION. 


“3 = SES 


each pressed out of a single plate of steel without weld 
or joint. Further, the cylinder cover, the 
and the hammer head are each of steel. 
— is nominally of one-half ewt., but actuall 
D 


_- rod, 
he falling 
some- 
more, and it has a stroke of 12in. The total 





cal lever, thus effecting the oes Fe the wings. 





right or left the shaft, P, is turned, and with it the 
lever, W, 





This lever is ordinarily fixed to central post 
by a pin, 


t is about one ton, The firm are 
class of 


hammers witb the same 





11524 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 721. 





OcroseR 26, 1889. 











A SIMPLE UREAMETER.* 
By Prof. L. E. SAYRE. 


It is, perhaps, conceded by the pharmacist gener- 
ally that that a of chemical analysis involved in the 
examination of urine isa branch of chemistry which 
comes very properly within the lines of professional 
work of the pharmacist. It may be urged that the 

hysician is quite competent to wake all the examina- 
Gene necessary of this kind ; the a oer of young 
men now graduating at our medical colleges being 
well equipped for accurate urinary analysis. While 
this is true, physicians in active practice who are con- 
venient to a pharmacist will not always take the time 
nor give the patience to making repeated, careful ana- 
lyses such as are demanded in some classes of disease. 

was impressed with this fact some time ago, while 
visiting in one of our large cities. A physician wanted 
a quantitative determination of samples of urine; he 
was able to do the work himself, but was one of the 
class I have described. It fell to my lot to accommo- 
date him, as the pharmacist (my friend) to whom he 
applied did not feel himself competent to perform the 
work. This incident forcibly brought to my mind the 
importance of the pharmacist’s being fully equipped 
for chemical work of this sort. He has the time, and 
the busy practitioner has not, and such chemical ser- 
vice as this, rendered to the physician or the patient, 
is sometimes of pecuniary benefit to the pharmacist. 

In the college laboratory the pharmaceutical student 
of to-day receives a more or less thorough course of 
instruction in this branch of chemistry, which shows a 
recognition of this matter on the part of the pharma- 
ceutical institutions of instruction. 

In the instruction of the student in urinary analysis, 
it is especially desirable that he be educated to use the 


more exactly the quantity of gives more nearly 
the theoretical quantity of gas, than the ureameter 
of Dr. Doremus. I may add that this has been my 
own experience as well. 

I have no doubt that this simple and inexpensive 
piece of ap tus has suggested itself to others, but 
there may be some of the eraft who may not have had 
occasion to think of it, and may appreciate this refer- 
ence to it.—Amer. Druggist. 


DISCOVERIES IN EGYPT. 


A FEW months ago there lay, on the edge of the 
yellow sandy desert some aay miles south of Cairo, 
two gray patches of ruins, of which none but the 
| peasantry around them even knew the existence. No 
| walls or tokens of work were tu be seen, but only a low 
| rise of a few feet of Nile mud, with some ehips of pot- 
|tery seattered over it. The name of one of these 
| mounds was taken merely from the ravens which alight- 
ed on it—Medinet Gurob; the other, a few miles dis- 
tant, scarcely had even a name—vnly one man could 
be found who had heard its name when he was a boy— 
Medinet Kahun. Yet these unnoticed and unknown 
places have given us evidence on the origin of writing, 
a subject which has been debated for generations, and 
their evidence will probably be diseussed by genera- 
tions to come. 

Last year we noticed Mr. Flinders Petrie’s exhibition 
of Roman portraits, which he had discovered at 
Hawara, in the province of the Fayum. This year we 
have before us in London the results which he has ob- 
tained from the hitherto unknown ruins which we 
have just mentioned. While Mr. Petrie was finishing 
the excavations at Hawara the past winter, and labor- 
iously penetrating the pyramid there, he determined 
next to attack the site of Gurob. 








simplest forms of apparatus and to make these simple 
forms to have as wide a range of application as pos- | 
sible 
last winter in this class of work that suggests the pre- 
sent article. It became necessary to extemporize some 
home-made instrament for the use of each individual | 
member of the class, to be used asa ureameter. With! 
but a few suggestions on my part, the students made | 
the following: A piece of soft glass tubing 10 inches | 
long and % to % inch in diameter, was provided. 
Over the Bunsen burner one end was carefully rounded 
and closed, making a sort of long and narrow test tabe. 





SAYRE’S UREAMETER. 


This was covered with a thin film of melted wax and 
graduated into cubic centimeters by pouring into the 
tube metallic mercury, 1c. c. at a time, and marking 
with a fine point each e. c. on the glass through the 
wax film. The tube thus graduated was etched in the 
fumes of hydrofluoric acid in the following manner: 
A piece of lead pipe was closed at one end ; at the op- 
posite, open end, a cork was provided, through which 
a hole was cut, just large enough to adwit and suspend 
the glass tube. Fluorspar and sulphuric acid were in- 
troduced into the pipe, and the suspended glass tube 
was placed in position. After an exposure of a short 
time the etching was complete, and a sort of Bunsen 
eudiometer was made, which served admirably as a 
ureameter.t+ 

In using the tube, it is first filled with a solution of 
hypochlorite of sodium and inverted into a beaker 
partly filled with the same liquid, held in position by 
aclamp as represented. One c. c. of the urine is in- 
troduced into the tube by means of a curved pipette, 
also shown in the figure. The pipette consists of a 
glass tube ¥, inch in diameter and 8 to 10 inches in 
length, drawn out toa fine point and curved at the 
pointed end, at such an angle that it can readily be 
inserted up a little distance into the inverted eudio- 
meter. The straight arm of the pipette is graduated 
so that between two marks, made with a file, it meas- 
ures 1 ¢. ©. 

This simple instrument has so pleased me in the ac- 
curate resnits which it gave, and in the drill and inde 

ndence it gave the students, that I have made it the 

is of a paper to be read among our San Francisco 
friends. The students realized that they could be in- 
dependent of the wore elaborate instruments which 
are being figured from tiie to time in the journals, 
and the results obtained were aoar more satisfactory 
than those obtained from the use of the Prof. Doremus 
ureameter, which appears to be the more commonly 
ewployed., 
he objection to the latter I have found to be that in 

the hands of the students it does not furnish accurate 
results, because so much of the gas is allowed to escape 
at the open end. 1 have had the students compare 
their own with the Doremus instrument, using a solu- 
tion of urea of known strength for the purpose. Asa 
result they report that the eudiometer always shows 
oe" read at the meeting of the Am. Pharm. Assoc. at San Fran- 
¢ le 

+ It will eo 


| 


It is the attempt to 7 out this principle | 
a 


The first time he had walked over that mound he 
saw that it belonyed to the flourishing period of the 
great Rameses ; for to the practiced eye chips of pot- 
tery are as intelligible as printed words and dates. 
While working there he male over the blank gray 
swell of Kahun---this was clearly of a still earlier date, 
for none of the pottery was of auwy style yet known. 
On digging here this proved to be the town built for 
the workmen who labored at the pyramid and temple 
of Usertesen II., one of the great + sees of that remote 
age—the XIIth Dynasty, about 2,600 B.C. 

The houses, the agriculture, the tools, the ornaments, 
the literature, and even the amusements of more than 
four thousand years ago are brought vividly before us 
by these discoveries. he dancing profession is of im- 
memorial age in the East, and the acrobats and per- 
formers of the early times are pictured on the walls 
of the tombs; here we have a wooden statuette of a 
dancer or muimmer, dressed in a mask, and a tail, and 
—nothing more. 

The strange animal headdress which she wears is 
evidently much the same as that in which Bes, the 
god of dancing, is always represented. With this 
image was found a pair of ivory clappers or castanets, 
all burisd in a hole in the floor of a room. In the 
next room of the same house was found the actual 
mummer’s mask, made of canvas and plaster, painted 
black, with crescents of color inoundl the eye-holes, 
and with patches on the eheeks. Torn, patched, 
broken, and at last thrown aside, how many antics 
have been performed underthat! How many miseries 
have passed behind that screen! What jests and what 
shame it had covered! Perhaps no relic has brought 
us so touchingly to the frailties of past humanity as 
the dancing girl's mask, her castanets, and her little 
statuette, which have lain during thousands of years 
in silence. The merry children played in the streets 
then with tipeat and whip top, and threw the ball and 
made their little mud toys ; = figures of men and 
pigs and crocodiles were pinched up from bits of clay, 
and a curious little model boat and a hippopotamus 
chipped out of flint are here illustrated. e know 
how the Egyptians obtained fire, a point never vet dis- 
covered until the fire stick came to light. On this an 
upright stick would be rotated, so as to ignite the 
powdered wood by friction, as in India at the present 
time. Delicate and graceful wood earving is shown 
in the wooden spoon shaped in the form of a shell 
supported by a serpent. 

A sling, far older than that of David, shows us how 
carefully such things were woven and provided with 
a loop to hold on the finger. Tools were strangely like 
modern forms; the plummet, the brick mould, the 
plasterer’s float, might any of them belong to an Eng- 
lish workman as far as their form goes. It is only 
where metal has come into commoner use and driven 
out the wooden hoe and the flint saw in the sickle that 
any essential change is to be seen. The wuasie of the 
time was much the same as now, as we see by the 
= playing on double pipes like a modern Egyptian. 

he greatest discovery, however, in this ancient 
town is that of alphabetic writing, quite distinct from 
any Egyptian inscriptions yet known—neither hiero- 
lyphic, hieratie, nor demotic. Dozens of signs are 
ound upon pottery, as the marks of the owners, and 
on one piece of wood are five letters, evidently form- 
ing a word orname. So far as yet examined, it seems 
most likely that the foreign captives from the Medi- 
terranean (who were certainly in this town, by other 
tokens) had here adopted the marks used by the Egyp- 
tian masons—corruptions of the heiroglyphs; and 
then from these signs a syllabic alphabet was formed, 
which is evidently akin to that of Cyprus, and, per- 
haps, some other early writing. Here we are on the 
track of the very origin of all our Western writing, at 
a date two thousand years before almost all of the 
inscriptions yet known. 

Leaving this early town, we will come down some 
thirteen hundred years tothe timeof Rameses the Great, 
or about 1400 to 1200 B. C., which is revealed to us in the 
town of Gurob. Here, amid alli the works of that age, 
we find in a colony of foreigners, comprising 
Hittites and Turseni. These people were probabl 
accompanied here by the Achwans or Greeks, wit 
whom they are mentioned on the Egyptian monu- 
ments of that age. The same Cypriote characters are 
again found here on the } noe & and, moreover. a 
great variety of the earliest Greek pottery, exactly like 
that found in the oldest remains of Myceneg by Dr. 
Schliemann, and that from beneath the lava beds of 
Thera. The false-necked vases and the figures of pot- 


|The historical value of such a well-dated discovery 
is immense, as we now have for the first time a solid 
basis for our chrono of the prehistory of Greek 
civilization. The beautiful head carved in wood comes 
from a coffin of about 1300 B. C.; and the elegant but 
less artistic carving of the head belongs to a few cen- 
turies later. 

We have barely indicated the most curious objects, 
without touching on the beautiful necklaces, amulets. 
and embroideries, and the other historical interests of 
the large collection made by Mr. Petrie.—IJllustrated 
London News. 








BRACKET FERNS. 


‘*T SHOULD be giad if you could recommend mea few 
ferns which I could use for brackets. I have platyce- 
riums,” says J. Foden, Halifax. ere are several 

lants well deserving attention, and which are peculiar- 
F titted for situations of the above-named character. 

the kinds described here require the warmth of a 
stove, and should be potted in peat and loam in about 
equal parts, with a little sand added. The plants 
should also be well drained, as they require a consider 
able amount of water all the year round to a them 
in condition. I know that in some places they are 
dried off in winter, the argument in favor of this prac- 
tice being that it is natural for them to be so dried up. 
and they require rest, but this is a foolish and absurd 
notion, and to teach such a system is to encourage the 
worst form of gardening. 

Under such a system the plants can never be any 
larger, and only the one season’s growth can be had 
upon them. If carefully nurtured, however, through 
the winter months, the freshness is maintained, and 
the plant increases in size and stateliness. Therefore, 
I say that while less water is necessary for these plants 
in winter, it should never be turtailed to such an ex- 
tent as to cause the specimens to suffer ; indeed, there 
is not a single fern in cultivation, be it evergreen or 
deciduous, that is benefited by an entire withholding 
of the water supply. The following few kinds should 
form splendid ornaments as bracket ferns in a well- 
arranged fernery, all that is necessary being to drain 
the pockets or brackets well and to allow sufficient 
head room : 

Aglaomorpha meyeniana.—This plant has acquired 
the name of bear’s- paw fern from its very stout rhizome 
being covered with thick woolly scales, which are of a 
bright red ; the fronds attain a length of some 3 feet or 
more, and are thick and leathery in texture; they 
grow erect, are divided in the lower part nearly ‘o the 
stem into somewhat broad, oblong entire pinne, which 





DRYNARIA MORBILLOSA. 


are closely set and long and narrow. It is a native of 
the island of Luzon. 

Drynaria coronans.—This is ‘a very handsome 
species, with large, broad fronds, which are erect and 
arranged ina circle, henee its name. It has a stout 
and woolly rhizome ; the fronds each attain a height 
of 4 feet and about 2 feetin breadth, tapering slight- 
ly upward, and divided into broad pinnez ; these are 
not contracted like those of the previously named plant, 
otherwise it is similar. It is a native of Malacca. 

D. morbdiliosa (see illustration), sometimes called D. 
heraclea, is a bold, large-growing plant, which in lar 
examples attains a height of 6 feet by 2 feetin breadth. 
It is rigid in texture, and the base is wide and cordate. 
It is a beautiful object in any position ina ah and 
comes from various islands in the Malay Archipelago 

D. quercifolia is a distinct and pretty plant with 
dimorphous fronds, the barren one being sessile and 
lobed toward the top, in shape something like a large 
oak leaf ; the fertile frond is some 2 feet long and pin- 
natifid ; the barren frond usually dies annually, but re- 
mains on the plant. It is a very suitable plant for 
brackets, and forms an elegant ornament. It isa native 
of Moulmein and various other parts of India. 
Hymenodium crinitum is a bold, handsome species, 
and it has obtained the name of the elephant’s ear 
fern, and its large entire dark green fronds give a very 
good foundation for the name. These are simple and en- 
tire, some 18 inches long and about 9 inches broad, deep 
green covered with very long black hairs. The stem is 
from 6 to 9 inches long and covered with black hairs. 
This plant is found in Jamaica and several of the West 
Indian islands, and it requires an abundant supply of 
heat and moisture. If used for the purpose here indi- 
eated, it should have a moist shady situation selected 
for it, so that the edges of its fronds may be preserved, 
otherwise these become brown and shabby. When 
rown into a good specimen it is a distinct and magni- 
cent fern. 

The above are a few kinds suitable for brackets, and 
if used alternately with platyceriums (the stag’s horn 
fern), will render a fernery very attractive.—W. 4. 
Gower, in The Garden. 





SOME PHYSIOLOGICAL TRAITS OF THE 
SOLID-STEMMED GRASSES, AND _ ESPE- 
CIALLY OF INDIAN CORN (MAIZE).* 

By F. L. Stewart, Marrysville, Pa. 


THE laws of nutrition and growth are at the present 
time unders to cover a few general —. 
which, as far as we are capable of comprehending them. 
embrace in their range of action all manifestations of 











t itself to any one, perhaps, that a long, narrow test 
poraneous ureameter. 


mabe, graduat on paper, will anewer for extem 
L. E. 8. 


"| tery might be supposed to have come from Greece 
itself, and not from a colony in a remote part of Egypt. 





* Paper read before the section of biology (F) of the American Associa- 
tion for the Advancement of Science at Toronto, Canada, Aug, 28, 1889. 
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life, both vegetable and animal. But in attempting 
to trace out the life history of any organism. we must 
assume for the plant and the animal respectively two 
different starting points. The plant almost at the out- 
set of its career goes to building up its tissues from 
inorganie materials within its reach. The animal can 
appropriate to its use only the elaborated food mate- 
mlals which the plant has first — 

As a biological study, the phenomena of plant life 
are therefore the most interesting and important, for 
it is the plant that lies at the base of the scale, and 
the closest to the heart of the great capetery which in- 
volves man and all animate nature alike. 

The plant has therefore a double office to perform, 
and inasmach as the principle therein involved has 
much to do with the subject matter of my sketch, I 
prefer to. define it in the language of one of our best 
authorities in vegetable physiology. 

* Plant nutrition includes two very distinct stages. 
Certain parts of plants build up, as every one knows, 
from external inorganic materials, substances which 
are available for the construction of new tissues. It 
might be supposed that these are used up as fast as 
they are formed, but it is not so. The life of the plant 
is not a continuous balance of income and expenditure. 
On the contrary, besides the general maintenance of 
the structure, the plant has to provide from time to 
time for enormous resources to meet such exhausting 
demands as the renewal of foliage, the production of 
flowers, and thesubsequent maturing of fruit. In such 
cases the plant draws on an accumulated store of solid 
food which has rapidly to be converted into the solu- 
ble form, in which alone it is capable of passing 
through the tissues to the seat of consumption.” (Ad- 
dress of W. T. Thiselton Dyer, president of the biologi- 
eal section of the British Association, annual meeting, 
1888.) 

It most be said, however, that the common demands 
made upon the plant, enormous and exacting as they 
are, do not reach the limit of the resources for which it 
has sometimes to provide. In some of the grasses es- 

cially the accumulation of reserve products or true 
food materials in persistent parts of the structure occur 
under certain circumstances when the future wants of 
neither foliage, flowers, nor fruit are to be provided 
for, and when distribution of the stored products to 
those parts, to any considerable extent, is impossible. 

Acting upon a belief that the plant sometimes uses 
procestes and exercises functions not clearly referable 
to known physiological principles, I was led a few 
years ago, in the course of an investigation of the 
chemical constitution of some of the solid-stemmed 
grasses, to attempt to reconcile certain physiological 
characteristics of maize with those exhibited by some 
other members of the up with which it is commonly 
classed, and to which it seems naturally to be the most 
closely allied. 

Special interest centered in the fact that these pecu- 
liarities were rather functional than structural. 

In one respect particularly this species was in marked 
contrast with not only our other cereal grasses, which 
are hollow-stemmed, but it was also clearly distinguish- 
able in some of its functions from others of its own 
= agua group, which structurally it very closely resem- 
bles. 

As a result-of the intense activity of the constructive 
forees in this plant, a great accumulation of reserve 
materials is constantly maintained, which are stored 
up in the bulky, parenchymous culm. For any pres- 
ent purpose or indeed for any plain future purpose of 
nutrition these stored materials seem always to be 
greatly in excess. The income of the plant through all 
the ordinary period of its growth vastly exceeds the 
expenditure. 

Reasoning from analogies furnished by other well 
known allied plants, such for example as sorghum, it 
might be supposed that the carbohydrates which con- 
stitute almost the entire solids in the juice wouid re- 
main stored up in the ceils of the plant after the seed 
has ripened. 

But the full ripening of the seed of maize is attend- 
ed by the following phenomena. 

At a period coincident with the glazing cr hard 
ripening of the grain, there is a sudden and utter im- 
poverishment of the cell sap, as revealed by chemical 
test and wicroscopic examination; and if samples be 
eut and weighed shortly before and after this change 
has occurred, it will be discovered that in the latter 
case there is a loss of weight almost exactly equal to 
that of the dissolved carbohydrates, the sugar having 
suddenly disappeared. 

This disappearance is rapid and complete, and it is 
not due to fermentation—wmeaning thereby the destruc- 
tive process the products of which are carbon dioxide 
and aleohol—nor is it attended by any of the ordinary 
marks of putrefactive change. 

If a maturing stalk of maize be cut down before this 
period, the evaporation of the water of the juice and 
the destruction of the sugar is gradual, but if it be cut 
when the final stage of development of the plant has 
been reached, the stage of ** hard ripeness ” of the seed, 
the water evaporates with amazing rapidity, which I 
think is partly accounted for in the fact that the cell 
sap holds no longer the substances in solution which 
would hinder its rapid transmission through the cell 
tissues but chiefly from the fact that the protoplasin 
in great part has also disappeared. 

If the protoplasmic lining remained, or remained ad- 
herent to the cell walls in the dead plant, it would 
either greatly retard or hinder altogether the trans- 
wission of water through the cell tissues. But it isa 
proemte of dead protoplasm to contract and separate 
n rolls from the walls of the cell, and wherever it is 
found to remain, it is in that condition. The dead 
barrier lining being thus removed, there exists no 
physical obstacle to rapid evaporation. Moreover, the 
destructive process is attended by shrinkage and rup- 
ture of the cellular tissue itself. This is especially 
notable in the parenchyma bounding the lacune or 
intercellular spaces in the vascular bundles, which by 
contraction of the tissues become enlarged to many 
times their usual size, and being filled at this time like 
the other vessels with air only, evaporation is thus 
greatly facilitated. 

Iu passing, | may remark that this disap nee of 
the soluble Lyne separ either total or in part, has 
direct relation to the particular stage of ripening at 


whieh it oceurs, and now accounts for a loss of sub- 
stanee, not water, incurred in the curing of corn fodder. 
| have foynd that corn fodder cut after a certain 





stage of ripeness of the grain (presently to be indicated) 

has been overpassed is subject to immense loss of nu- 

tritive substance, all of which may be saved if the pro- 

- conditions be complied with. This circumstance 
of great practical importance. 

As chvead said, at the period of time when the glaz- 
ing or hardening of the grain occurs, a culminating 
point in the development of the plant appears to be 
reached, A = change takes place in the chewical 
constitution o 
from being a reservoir of food materials for the use of 
the plant in which those materials have reached the 
highest point of elaboration, is suddenly stripped of 
everything that gave it interest and value. Those 
who have watched up to this point the gradual trans- 
formation as it went on in the living plant, noting the 
change from day to day of the simpler into the more 
cowplex products, largely into that highest product of 
the constructive metabolism—cane sugar—might well 
be pardoned for thinking that they see in all this the 
promise of resultsin practical sugar manufacture of 
transcendent value, and in which none of this accumu- 
mulated saccharine richness would be wasted. But 
invariably in the natural order of things this hope is 
blasted, a break-down of the constructive forces sud- 
denly occurs, and as unex ly as it is sudden. 
Within a period generally of but a few hours the culm 
of the plant is left but the barren framework of the 
former structure, and if cut down, is soon recognizable 
only as the typical dead cornstalk, a worthless mass of 
empty circulatory vessels, exhausted parenchyma, and 
dead protoplasin. 

This is the result of the natural death of the plant, 
and if this were all that remains to be said I would not 
have taken up the time of a scientific body in discuss- 
ing it. 

But a study of the circumstances under which it 
occurs shows unexpectedly how this catastrophe ma 
be averted, and reveals a train of phenomena whic 
prove that the plant, in all parts of its strueture con- 
sidered apart fromthe portion carrying the seed, is 
capable of existing under greatly changed conditions 
and of exercising enlarged or entirely new functions. 

I will state what these are as briefly as possible. If 
we go back in our study of this plant to an earlier 
stage in its development, we see that the seed in the 
so-called green or immature condition has properties 
and is adapted to uses widely different from those of 
the hard-ripened corn. What these are will argo ed 
be more fully shown, and it may be said that their 
true value is just beginning to be acknowledged. 

It is well known that the further development of the 
grain may be arrested by its removal from the stalk, 
and its condition fixed—with all its properties retained 
—by desiccation, in a very simple way. 

aize, then, is yo eee of yielding its grain product in 
one of two widely different conditions,as widely different, 
in fact, as those of two distinct species of grain. Ripe- 
ness nay be affirmed of either, if by that term is meant 
first the possession by the grain in both conditions of 
high germinative power, for both will grow, and sec- 
ond, a state of perfection which fits it for use as food. 
We can have either kind of the grain at will, and our 
ability to secure either gives us a vuriety in the choice 


of food, from this single source, not approached by the | ai 


products of any other plant. We have, in fact, two 
series of food products, widely different, derived simply 
from the grain in two different and successive stages of 
development. 

If our choice be the grain in the earlier stage, it is 
hardly possible for me to repress astonishment that a 
still more remarkable fact than any yet adverted to— 
of the highest physiological as well as economic inter- 
est—should have utterly eluded observation up to this 
time. I refer to what happens to the corn stem after 
the immature ear has been removed. 

A false analogy would lead us to suppose that the 
porgees of the plant’s existenve is wholly met in the 
production of its seed, and, that done, in a way to sat- 
isfy the conditions of successful reproduction, vital func- 
tions would cease. Yet nothing could be farther from 
the trath. 

What does follow is this : 

Contingent upon the excision or removal of the ear 
in its first stage of development (the so-called unripe 
condition), the arrest of the vital functions which in- 
variably accompanies the second stage of ripening of 
the grain does not occur. The plant lives on, and in 
a condition of existence which carries all the marks of 
active developmentand growth. Without a break. the 
constructive forces go on with their work of convert- 
ing the simpler into the more complex reserve materials. 
The culm is their storehouse, and under the new con- 
ditions that part of the plant passes through a second 
period of development. Its function then is to accumu- 
late sugar. To this the insoluble and less complex 
soluble products give place. The starch formed in the 
young stems during the first stage almost entirely dis- 
appears. There is a sensible increase in the nitrogen- 
ee substances keeping pace with the soluble carboby- 

rates. 

A peculiar acid, the maizine, the properties of 
which are worthy of fuller investigation, is found 
in the juice at all periods. The stem had attained 
almost its full size by the time that the ear was 
fully developed. During a period of from forty to 
seventy-five days, which in different varieties of maize 
I have found to measvre the length of this period, the 
stem hardens externally in conformity with its en- 
dogenous structure and mode of growth. The tissues 
of the epidermis assume generally a deep red or purple 
color, and occasionally there is a tendency to send 
forth new leaves. 

But the vital energies are directed specially to the 
storing up of highly erganized food materials in the 
cells. It is a period of juice-ripening, so to speak, bor- 
rowing a term from an analogous process which is car- 
ried on in the waturing joints of the sugar cane—a 
plant to which maize bears naturally a close relation- 
ship. In attempting to describe this anomalous con- 
dition of Indian corn, I hope I may be pardoned for 
seeing in this analogies which the plant does not sus- 
tain in what we call its natural condition. 

1. In both plants the solid stalk or culm has become 
simply a reservoir of reserve materials, available for 
plant food, and, in the case of the sugar cane, made use 
of when active growth by the joints begins. 

2. In both, the development of the organized pro- 
duets is progressive, from the more situple to the more 
complex, of the series—which take 
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the grain substance, and the culm, | pl 





the soluble form effects 





and are available for transmission to build up other 
parts of the structure. 

8. By reason of the constant accumulation of these 
soluble materials chiefly, the weight of the plant and 
the density of the juice increases. 

4. In both, the general physical properties of the 
stem are the same, the se joints in the one and 
the whole culm in the other attaining their full size 
before the highest elaboration of their juices takes 


ace. 
5. Itis a well attested fact that no variety of sugar 
to perfect its seed or, to use the langne 

uce anything likeseed either in ~ 4 
China, the straits of Malacca, Egypt, or the South Sea 
islands. Bya curious analogy, maize in this secondary 
stage of development is incapable of transmitting its 
new qualities by the seed, for the sufficient reason that 
it likewise is then incapable of peomeaing seed, having 
aqgerentiy exhausted its capacity in that direction. 

ere are other points of resemblance which it 
would be interesting to note, but the point of com- 
parison to which no doubt most interest will be at- 
tached relates to a question of great practical interest, 
the discussion of which, however, is no part of my pre- 
sent pur . 

I refer to the high saccharine character of the juice 
of the plant when it is in the condition already describ- 
ed, and desire to call attention simply to the summary 
of the results now reached as derived from investiga- 
tions carefully conducted during the past five years 
continuously upon every variety of maize ordinarily 
grown within the United States. 

It is shown that from the time the sugar first shows 
its presence in the cell sap during the earlier growth of 
the plant, and until the grain begins to harden, it 
8 ily accumulates and then suddenly disappears. It 
contains, then, 6 to 8 per cent. of sucrose and 1 to 14 
percent. of grapesugar. Another of the solid-stemmed 
grasses—sorghui—up a corresponding period mani- 
fests the same characteristics, but there the resemblance 
ends. Sorghui retains its sugar when dead ripe, maize 
= sy with hers then utterly. Can our science tell us 
why? 

Arrest the development of the ear of maize at the 
critical time, and the threatened catastrophe, the de- 
struction of the sugar, is averted, and not only so, but 
its accumulation goes on. The average of 7 per cent. 
of sucrose in the juice in August, in the latitude of 
Pennsylvania, wounts up then to 12 in September and 
14 in October, and still higher if it escape severe cold 
during early November. A stalk of field corn of the 
“Golden Beauty” variety, taken in October with its 
juice well ripened, the grain having been separated 
from the stem in August, will average three pounds 
weight when stripped. Single stems have been obtained 
of nearly double that weight when in the same condi- 
tion. It is worthy of remark that in these circumstances 
the plant exhibits a hardihood to resist cold to which 
in its earlier period of growth it was entirely a 
stranger. 

In short, the conditions are the arrested development 
of the ear (its removal without much laceration of the 
supporting stalk) and the continued connection of the 
plant with the soil, with ordinary access of sunlight and 


cane is know 
of Wray, to p 


r. 
Time will not permit meto refer to the numerous 
valuable qualities and uses of the grain when separated 
from the stalk and properly cured at the earliest stage 
of its development. 

It is destined to be the basis of a much greater variety 
of palatable and nutritious food preparations than tke 
grain when dead ripe, and in the fact that its chemical 
constitution approaches wheat more closely than that 
of any other grain, and that it is free from the objec- 
tionable qualities which have hindered hard corn from 
coming into general use, it will have peculiar value. 

Aside from all question of use, these peculiarities of 
Indian corn have rare physiological interest. Apply- 
ing here the well-known principle that in the processes 
of nutrition there is extraordinary accumulation to 
meet extraordinary demands, the query is raised, 
What extraordinary demand is there in the economy 
of the plant for this remarkable accumulation of reserve 
products at this period’? But it is well to remewber 
that this added saccharine period is not normal to the 
plant as left to itself. It is the direct result of intelli- 
gent interference with a vital funetion—human selec- 
tion, if you please—and its end is adaptation to human 


use. 

Under the Pm conditions it is a constant result, 
and it is a attribute of the species in all its 
varieties. 

Investigation shows that in all plants there are cer- 
tain dormant tendencies to change. Of these, at first, 
we may know nothing, but they require only opportu- 
nity for their manifestation. Our business is tu en- 
deavor to discover them, if possible; for upon man’s 
eo intelligent comprehension of some of these and 

is ability to make use of them depends his mastery 
over nature. 

Our other domestic plants, alinost without exception, 
have had given to them by naturalists searching and 
appreciative study, somewhat according to their merits, 
but no monograph of maize has ever been written. 
Exact science has done much less to determine the range 
of its characters and to fix the value of those that are 
known. 

The voyage of Columbus nearly four hundred years 
ago introduced it to the world. Does it not merit by this 
eae more study than it has hitherto received at our 

ands ? 


HYSTERESIS. 


THE term “hysteresis,” according to Prof. Ewing, is 
used to express a tendeney to persistence in an original 
state. It being known that the thermo-electric proper- 
ties of metals were affected by stress changes, it was 
natural to search for other properties which were af- 
fected in the same way. Hooke’s law for stretching 
was not rigorously exact, or there would be no such 
effect as he was about to describe. In his experiments 
he had used long wires of various cross section and 
material, and had suspended them, one at. a time, 
from a rigid support, and hung weights on the 
lower end. A block was clamped on to a point on the 
wire near its lower end, and a similar block was sus- 








pended opposite to it by two wires of the same mate- 
rial as the wire test, so as to eliminate the 
of as much as possible. 
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A cross piece was piaced over the block and sup- 
port, and this carried a mirror, upon which a beam of 
ight from a lamp fell and was reflected on to a scale. 
Any elongation of the wire would obviously result in a 
tilting of the wirrorand a consequent movement of the 
spot of reflected light. The wires were each 27 ft. 
long, and it was possible to detect an extension of one 
ten-Maillionth of this length. A weight of |4 lb. was 
retaidéd onthe wire throughout the experiments, and 
varied §> 9eams of other weights which could be 
easily i sposed or removed. The object of the investi- 
gation was to test the degree of completeness with 
which the wire extended and retracted, when loads 
were successively applied and removed, and especially 


to see whether any one intermediate value of the load | 


was associated with the same extension during the 
loading and during unloading. The results showed an 
important difference between the extensions in the 
two cases, the differences in some cases amounting to 
as much as one per cent. of the whole extension. The 
difference was of such a kind as to imply lagging in the 
extension of the wire, or hysteresis. The phenomena 
were observed in wires of iron, hard steel, mild steel, 
brass, and copper, the effect being greatest in hard 
steel and least in iron and mild steel. It did not seem 
to disappear with lapse of time, and it did not disap- 
pear when the wire was subjected to vibration. The 
results were probably connected with the fact, well 
kuown to engineers, that materials submitted to re- 
peated applications of load deteriorated after a time. 


BROMOFORM IN WHOOPING COUGH. 


Dr. Stepp, of Nurnburg, publishes in the Deutsche 
Medicinische Wochenschrift a large number of cases of 
whooping cough, in which he claims to have obtained 
most satisfactory results from the internal administra- 
tion of bromoform. The drug has, according to the 
author, no ill effeet of any kind, and his numerous ob- 
servations have proved that bromoform, as applied by 
him, is non-poisonous, and that the pulse and temper- 
ature remain unaffected by it. The actionof bromo- 


form is entirely different from that of bromide of po- | 
tassium, as has been observed in epilepsy, the former | 


being rather an excitant than a sedative. Children 
are ordered from five to twenty drops during the twen- 
ty-four hours in very frequent doses. Thesolubility of 
bromoform in water being very slight, the mixture re- 
quires the addition of alcohol. The author has ad- 
ministered bromoform in about sixty-five cases of 
whooping cough, the children mostly ranging in age 
from six months to seven years. The longest time re- 
quired for a complete cure was four weeks. Symptoms 
of pulmonary catarrh in all these cases were entirely 
absent, or else they were very slight and soon disap- 
peared. No complications existed in any of the cases 
observed by the author, bat Dr. Goldschmidt has 
treated several serious cases of whooping cough com- 
plicated with pneumonia, completely curing them ina 
fortnight by the daily administration of bromoforin. 
Dr. Stepp concludes from his observations that under 
bromoform treatment bronchial catarrh and lobular 
pneumonia do not generally oecur, and that where they 
exist at the commenceinent of the treatment resolution 
takes place with facility and at an earlier period than 
under other methods of treatment. His observations 
showed 4] . the dose of bromoform must be in 
direct op uction to the severity of the affection and 
the a: -of the patient. The system does not seem to 
becorse accustomed to the drug, which has, moreover, 
considerable prophylactic power, so that the other 
children of a family in which whooping cough in an 
advanced stage already exists can be shielded from 
the disease by being given bromoform. Dr. Stepp 
believes that bromoform is either excreted unaltered 
by the lungs or is separated into its elements, and 
that the free bromine is excreted by the lungs. In 
this way an effect on the bacilli of whooping cough 
could be easily supposed to result.—Lancet. 


ARSENIC IN WALL PAPER. 


D. H. GALLOWAY critically examined a large number 
of wall papers from many different sources, with the 
object of ascertaining if and in what quantity arsenic | 
were present, and whether or not the public health be 


in any way affeeted. In one hundred samples taken 
at random, incigding all colors, styles, figures, and 
prices, twenty-famr were found free from arsenic, while 
the remainder eéntained arsenic (estimated as As.Q;) 


in proportions varying from a trace to 600 wgs. per} 


square meter of paper. 

It was found that it was impossible to tell from the 
appearance whether a paper contained arsenic or not 
From several thousand samples sold to pay duty at 
the custom house, twelve picked out at random showed 
arsenic in every case, ranging, however, quite low, 
from two to six mg. These samples were, presuma 
bly of German manufacture. The uniformity of the 
amount of arsenic in these papers would seem to indi- 
cate that it had been used as an antiseptic in the paste 


with which the pigment was applied to the paper. | 


One sample contains an average of about 600 mg. per 
square meter, the arsenic being almost entirely in the 
red, a square meter of which, therefore, contains over 
one grain of arsenious oxide, while another specimen 


looks like the same paper, although it contains only | 


about 50 mg.; however, it is difficult to get a fair sam- 
ple of a pattern containing figures so large and varied. 

There is scarcely room for difference of opinion as to 
the injurious effects of large amounts of arsenic in 
wall paper upon those who are exposed to its influence 
There is little doubt that the air in rooms papered 


with arsenical wall paper becomes contaminated with | 


arseniureted hydrogen, particularly in damp weather. 
This gas is extremely poisonous, and, though in small 
quantities, sometimes gives risé to most alarming 
sytnptome. 


Even if this decomposition did net take place, the) 


air of the room must be filled with arsenic dust, par- 
ticularly after sweeping and dusting, and thus cause 
more or less irritation of the eyes, nose, mouth, and 


throat, similar to the symptoms of catarrh or a cold. | 


Some of it is swallowed with the saliva, giving rise to 
intestinal and constitutional disturbances of a more or 
less serious character, as indigestion, nausea, diarrhea, 
general debility, nervous prostration, ete. 

Numbers of eases of fatal poisoning, in this manner, 
are on record, as well as many others, in which the 
Cause was discovered in time, and on the removal of 


which the patients recovered. The extreme difficulty 
of tracing to their proper source symptoms of this 
character must be plain to every one. ow frequently 
we hear the diagnosis ‘general debility,” ‘* nervous 
rostration,” “ indigestion,” ete., the symptoms resist- 
ng all treatment until, perhaps, ‘ rest and a change of 
air” are prescribed, when recovery follows, the symp- 
toms returning, however, when the patient resumes 
his former work and surroundings. That many of 
these cases are due to arsenic in the wall paper there 
| is abundant proof ; that there are thousands suffering 
from this cause, of which they and their physicians are 
totally ignorant, is a conclusion well warranted by the 
| evidence 
Prof. Edward 8. Wood gives (Report Mass. Board of 
|Health, 1883) a list of forty-two cases of arsenical 
pomoaing, most of which were due to wall paper. 
?2rof. Wood mentions a great many other articles in 
which arsenic has been found ; among them are the 
following: Dress goods, muslius, linen, artificial 
flowers, curtains, lawbrequins, gloves, calico, cloth, 
| boot linings, paper collars, linen collars (one collar con- 
| tained 10°4 grs. of As.O;), hat linings, colored stock- 
ings, linings in baby carriages, bed Tonsings, colored 
wax candles, confectionery, ete. 

The presence of arsenic is so widespread that per- 
haps it would be impossible to exclude it entirely from 
such articles, but the deliberate use of it as a coloring 
for such purposes should not be tolerated. An at- 
| tempt was made in Massachusetts a few years ago to 
| Secure the enactment of laws on the subject, placing 
|the limit of arsenic in wall paper at 7 wg. to each 
square meter; but the wall paper manufacturers were 
too influential with the legislators, and the bill failed 
to become a law. 

There is no excuse for the presence of such quanti- 
ties of arsenic in wall papers, as all the colors produced 
by it can be made by other means, and in view of the 
helplessness of the average individual in the presence 
of such an insidious poison, its use as a pigment in all 
eases should be prohibited by stringent laws.—Phar- 
maceutical Era. 
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now | ae the largest. establishment in the world. 
Patents are obtained on the best terms, é 

A special notice is made in the Scientific Ameri- 
can of all inventions patented through this Agency, 
with the name and residence of the Patentee. By the 
immense circulation thus. given, public attention is 
directed to the merits of the new patent, and sales or 
intreduction often easily effected. 

Any. person who has made a new discovery or inven- 
tion ean ascertain, free of charge, whether a patent 
can probably be obtained, by writing to Munn & Co. 

We also send free our Hand Book about the Patent 
Laws, Patents, Caveats, Trade Marks, their costs. and 
how procured. Address 


MUNN ck CO., 
361 Broadway, New York. 


Branch Office, 622 and 624 F St., Washington, D, 





























